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ukbM]mP^LKS²P^o�uk[Ro�Wk�kHKL�JcNkWkJ�dIJcWk�1]_b2HOoebcoeNkJcLOS²o_Y�teLKNkLKPRJMH�]mbMbcfnJMWkLKNQP^JMHO]_b­|k]_HKPRLO[RJM]X�
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hji-k#lHm,nokqp¼»wsu½¾i8�)¿*xÀ�d{1i-yÂÁ��SvÄÃ¾¿S�ÆÅ��SxzÇ#i8�Si¼¿S{1vck
®4oÒw�JMNkJcwvJcÛOLnHKoeNQPa]_w�JMNk]mP^JcoeN<o_Yxf_oe�k[�L`³Iu2LK[RJcwvLKNEPv|Qf<P^ikL¬|1]_H`P^LO[TJC]�P^i1]ÓP
bMJ�deL�oeN¬]_NXW�]_[Toe�kNkW¬�kSK{1ukbMLO]_SRLmzÈ �`÷Öõ=�.û��IA
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¶ � � ]_SRi f_oe�k[ hVoe[R´ ]_[TL�] hjJcPRi ] WkJcSRJMNIY\LOHKP^]_NQP�WkL`P^LO[TteLONQP Ï\L_� tk�c{
d_LOSRuXikLONkL�Ð�|}LKY\oe[TL |2LKteJMNkNXJMNkt5f_oe�k[jL`³Iu}LO[RJcwvLKNQP��

ÝI� � ]_SRiyfeo_�k[ji1]_NkWkS�]_NXW¬hVL�]_[jtebcopdeLOSjY\oe[²PRikL L`³Iu2LK[RJcwvLKNEPO�
ðX� � oe[R´vhjJcP^iXJMN¬Ý · HOw�o_Y�]�ï��kNXSRLON¯|k�k[TNkLO[GÌ&]_w�L_�
� �j�²P�PRikL>LONkW<o_Y�feo_�k[�L`³Iu}LO[RJcwvLKNQP�{�h²]mSRi<feoe�k[5hVoe[T´�]_[RLO]�]_NkW)feo_�k[
i1]mNkWkSO�

®GikJMSjL°³Xu}LO[TJMw�LONQP�[RLK���XJM[RLKSGP^ikL�Y\oebcbMophjJMNkt~SR�kukuXbMJMLKS�]_NkWyLO�E�kJcukwvLKNQP�z
þ JcNkHO�k|k]mP^oe[�Ï\JcY�]�dm]_JMbM]_|kbML�Ð
þ ]_�IP^o�HObC]�d_LBY\oe[GSTPRLO[RJcbMJcÛ�]mPRJMoeN
þ ï��XNkSRLKN�|k�k[TNkLO[GhjJ�P^i>P^�k|XJMNkt¯Ïste]_SjSR�kukuXbcfXÐ
þ |1]mbC]_NkHKL�Ïsuk[TLKY\LK[^]_|kb�fy]_HKHO�k[R]mP^L�P^o ¶ËÊ�¶p·e· tEÐ
þ u}LKPR[RJ#WkJcSRikLKS
þ bM]_|2o_[^]mPRoe[TfvtQ]_SGbcJMteiQP^LK[�ÏsSgP^[RJc´_LK[aÐ
þ STHOJMSTSRoe[TS
þ wv]_[R´mLO[TS�o_[²h²]Ó³¬u}LONXHOJMbcS
þ NQf�bMoeNytebcopdeLOS
þ teo_tetebMLKS
þ ]_bc�kw�JMNE�kwßY\oeJMb
þ ]_�IP^o�HObC]�d_L�tebMopdeLKS
þ |}L�]_´mLO[TS
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þ te[R]_Wk�1]ÓP^LOW¬HKf�bcJMNkWkLK[RS
þ JcNkoIHK�kbC]ÓP^JMNXt5NkLOLKWkbMLKS�]_NkW¬bMo�oeukS
þ hVLOJcteikJMNXt�WXJMSRiXLOS
þ tebM]_SRSGSgP^Jc[R[RJcNkt�[Ro�WkS
þ u1]m[^]mU1bcw
þ ]_�IP^o�HObC]�d_LBPa]_u}LvÏsoeuXPRJMoeNk]_b.Ð

ÌgÍ ã��)æ��eäS� ��Î ç&â�Ï�Ð"åpâÓæ\ã�è2å�àZá&äkâ>Ñ
þ ï²]mHKP^o?�rtQ]_[
þ ï²]mHKP^oMÒ4LOuXPRoeNkL
þ WkJc|1]_STJMH�u}o_Pa]_STSRJc�kw�ukiXoeSRukik]mP^LnÏ�ÓHÔ��(ÒVÎ@ÕKÐ
þ w�oeNkoe|k]_SRJcHBu2omPa]_STSRJM�Xw ukikoeSTuki1]mPRLvÏ�Ó¶�(Ô.Ò�Î@Õ`Ð
þ FIo�WkJc�kw�±�ikbcoe[RJcWkL?Ï�Lx]Q±�bCÐ
þ WkJcSTPRJMbMbcLOWnh�]mPRLO[lÏ���Ô · Ð

ÌgÍ ã��)æ��eäS� ��Î ç&âÙä1è à��\åpãEâÓè"äXå+æ_Ö2ã�Ï�Ð"å�âmæ\ã�è2åÔàZá}äXâØ×£Ð4âÓæ\äP�BÙ5ã�âpåpäkè�æ
Ú ×£ÙKÛËÑ
þ ï²]mHKP^o?�rtQ]_[
þ ï²]mHKP^o?®4[Tf�uXPRoeNkL
þ FIo�WkJc�kw�±�ikbcoe[RJcWkL?Ï�Lx]Q±�bCÐ
þ Ñ�LO]_STP�L`³�PR[^]_H`P
þ WkJcSTPRJMbMbcLOWnh�]mPRLO[lÏ���Ô · Ð
þ ï²]mHKP^LK[RJM]_b"S^]_w�ukbMLKSxST�kHai�]_S\"rõ � �.û.û! $�¶�� *%O÷��.û!���`{z+-� ��
 �`ø.� ��
 �sõ ��� û!�.{­]mNkWJ�Pj��NEPRLO[Toe|1]_H`P^LO[r]_LK[RoeteLKNkLOSK�
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ï²]_H`P^LO[TJC]/HO]_N<|2LZuX�k[RHai1]mSRLOW�Y\[Roew SR�XukukbcfÒHOoew�u1]_NXJMLOS>ÏsL_� tk��{V±²]_[RoebcJMN1]

ï�JcoebMoet_JMH�]mb�FI�kukuXbcf)±�oewvuk]_NQf�o_[ � JcY\HKo/ó"]_|}oe[^]ÓP^oe[TJMLOS^Ð`��FIu}LOHOJ�U1HZ|1]mHKP^LK[RJM]
H�]mN�SRoew�LKPRJMw�LOS�|2Lloe|XPa]mJMNkLKW�Y\[Roew�SgP^o�Ha´�HOLKNQP^LO[TSO� ïx�2SR�k|IP^JMbcJMS�JMSr]�d_]mJMbC]m|kbML
Y\[Ro_wýP^iXLnï²]mHOJMbcbM�kS#¢ LKNkLKPRJMHvF�PRoIHa´�±�LKNQP^LO[~]mPlÎBikJMo¯F�P^]mP^LfJ�NkJcd_LO[TSRJcP�f�]mNkW
�G�EHOoebcJ1JMSV]pdm]_JcbC]_|XbML�Y\[Toew�P^ikL�STPRoIHa´?HKLONQP^LK[²]mP�ÑV]_bcL(J�NkJcd_LO[TSRJcP�f_��ï�o_PRinSTPRoIHa´
HOLKNQP^LO[TS?uk[Ropd�JMWkLvP^ikL>|1]mHKP^LK[RJM]¯Y\[RLKLZP^o/LKWk�kH�]ÓP^JMo_N1]_b�JcNkSTPRJcPR�XP^JcoeNkSO��F�LOLZP^iXL
ìÉÑ�LKbMbMoph�Ò9]mteLOSTíZ]mPGPRikL LONkW¬o_Y4P^ikL |}oIoe´�Y\oe[GJMNIY\oe[Rwv]mP^JcoeNZoeNyST�kukukbcJMLO[TSO�

Å��SxÄÇ#i8�d{|k#~7Ü	�(¿*�d{1xzk:¿�ÝÞ~£i8��Åßy|i¼¿�xÀm
ï²]_H`P^LK[RJC]�te[RophüoeNZNE�XPR[RJcLONQPj]_tQ]m[O��®GikLrY\oe[Rw5�XbC]_S�JMN�P^ikJcSVP^L°³�Pj]_[RLrteJcd_LONnY\o_[
oeNkL�bMJ�P^LK[�SToebM�IP^JMo_NkS��ESRwv]_bcbMLO[�d_oebM�XwvLKS�PRi1]_NZ]�bMJ�P^LO[�HO]_Nn|}Lxwv]_WkLj|Qf�SRH�]mbMJMNXt
WkophjNnPRikLr�E�1]mNEPRJcP�f�o_Y#LO]_HaiZJcNkte[RLKWkJMLKNQPV|Qf?P^iXLxS^]mwvL�[^]mPRJMo�]_S�P^ikL�deoebc�kw�LOSO�
�1oe[�JMNkSgPa]_NkHKL_{}JcY�PRikLlY\o_[Rw5�kbM]?Y\o_[roeNXL~bMJ�P^LK[�omY�NE�XP^[TJMLONQPB]_tQ]_[�H�]_bcbMSGY\oe[ ¶p· � ·
te[R]_wvS�o_Y�]mtQ]_[O{}�kSTL�ÝI�ÞØvte[R]_wvSGPRoZuk[RLKu1]_[TL�ÝeØ · wvJcbMbcJMbMJ�P^LK[RS�o_Y�SRoebc�XP^JcoeN-�G®4o
dm]_[Tf�P^iXL/NE�XP^[TJMLONQPnbMLKd_LObcSZJMN8PRikJMSvL`³Iu}LO[RJcwvLKNQP�{Gdm]_[Tf<P^iXL�ï²]_H`P^o¾Ò�LKuXP^o_NkL
bML`deLKbMSBJcN�P^ikL~SRoebc�XP^JcoeN-�B®GikL5Y\o_[Rw5�kbM]�Y\oe[rP^ikL5NE�XPR[RJcLONQP ]_tQ]m[rhjJcPRi ¶ � · t Ê ó
o_Y9ï²]_H`P^oKÒ�LOuIP^oeNkL�JMSKz
Ù5äS�_åpçßàBã>á4å�ç2è"ããâ�ã�ä4æ�Ðz�oÑ
þ ¶ � · bMJ�P^LO[�o_Y9WXJMSTPRJMbcbMLOWvh²]mPRLO[
þ ¶p· � · te[R]_wvS Ê ó#JcPRLO[Gï²]mHKP^o?�rtQ]_[
þ ØI� · tMLx]Q±�b
þ ØI� · tMÓ¶Ô.�(Ò�Î#Õ
þ ÝI� · tMÓ\��Ô.Ò�Î#Õ
þ ¶ � · t�ï²]_HKPRo�Ò4LOuXPRoeNkL
�1oe[nSgP^[RLO]_´8uXbC]mPRLOSO{Gf_oe�ëH�]_NÜ�kSTL�]ÒHOo_NkHOLKNEPR[^]mPRJMoeNÜomY ¶ � · t Ê óÙï²]_HKPRo

Ò�LKuXP^o_NkL_�Ù®GikLK[RL�]_[TL�wv]_NQf8o_PRikLO[n´�JcNkWkSZomY N��IP^[RJcLONQPy]_te]_[vPRi1]mPZHO]_NÜ|}L
�kSTLOWÒPRo¯oe|IPa]_JcN�JcNkWkJ�dIJcWk�1]_b9HOoebcoeNkJMLKSO�nFIJMNXHOL?|1]_H`P^LO[TJC]yte[RophÍWXJcµ2LO[RLKNQP^bcf/oeN
WkJ�µ­LK[RLONQP4´EJMNkWXS4omYkNE�XP^[TJMLKNEP�]_te]_[O{pfeo_�~wv]pfrU1NkW�P^i1]mP"o_NkL�h�oe[T´ES9|}LKPRPRLO[#P^ik]_N
]_NkomP^ikLK[jY\o_[²feoe�-�VÎBNkL STP^]_NkW1]m[RW¬N��IP^[RJcLONQPr]_tQ]_[GJcSjó#�k[RJM]Ó�Éï�LK[TP^]_NkJ�Ïsó"ïGÐ`�



ÀEÁ�êeÁ8ÂV»�¹�½�¾�¿jÄ�»BÆë¹GÅGÆ�ÅGÈrÄÉ¾�Ë ¶e¶�¸
×£Ð4âÓæ\äP��Ù5ãEâpåpä1è4æ Ú ×£ÙKÛåâ�ã�ä�æ�ÐÄ�æÑ
þ ¶ � · bMJ�P^LO[�o_Y9WXJMSTPRJMbcbMLOWvh²]mPRLO[
þ ¶ Ø�� · t�ï²]_H`P^o��xtQ]_[
þ ¶p· � · tMLx]Q±�b
þ ¶p· � · t�ï²]_H`P^o�®�[gfIuIP^oeNkL
þ ØI� · t5Ñ�L�]_SgPx�9³�P^[R]_HKP
�1oe[�P^iXJMS²uk[ToIHKLOWk�X[RL_{Ifeoe�>hjJMbcb2|}L��kSTJMNkt�]mN¯]m�XP^o�HObM]pd_L_���rNy]_�XP^o�HObM]�deLBJcS

WkLKSRJMt_NkLOWÒPRo/uk[ToIWk�XHOLvPRLOw�u2LK[^]mPR�k[RLKS5]_NXW)uk[RLKSRST�k[RLKS5P^i1]mPlhjJMbcb�HOoew�ukbML`P^LKbcf
STPRLO[TJMbMJcÛOL�oe|EîTLOHKPRSO�Z�òPlJMS�Jcwvu}oe[gPa]_NQP�P^ik]mP feoe���kSRL�tebMopd_LOS�WkLOSTJMteNkLKW�Y\oe[ �kSTL
hjJcPRi>P^ikL�]_�XPRoIHKbC]�deL STo�PRi1]mPGfeo_�¯Wko�Nko_PjJcNÓîT�k[TLBfeoe�k[TSRLKbcYÉ�
¶ � � LOJctei�o_�XPlPRikLnJcNkte[TLOWkJcLONQP^S Y\[Roew�LOJcPRikLO[�bMJcSTPO{�]mNkW)ukbM]_HOL�P^iXLOw JMN�]
|}L�]_´mLO[K���rbMSTo¬uXbC]_HKL�JMN�P^ikL?|}L�]_´mLO[�]>tebC]mSRS�STPRJM[T[RJMNXt>[Ro�W�PRoy|2L?STPRLO[É�
JcbMJMÛKLOW-�ß®GikL�STPRJM[T[RJMNXt�[ToIWëhjJMbcbB|}L��XSRLOWÊ]mY.P^LK[¯]m�XP^o�HObM]pd�JcNktk�ß�xtQ]m[
hjJcbMb}Nko_PjWkJcSRSRo_bcdeL�JcNQP^o�SRo_bM�XPRJMoeNZ�XNEPRJMb­PRikL�SRo_bM�XPRJMoeNZik]_Sj|2LKLONyikL�]ÓP^LOW­�
±�opdeLK[lPRikLv|}L�]m´_LO[TSlhjJ�P^i�]_bM�kw�JMNE�kw�Y\oeJcb�ÏsSRiXJMNQf�SRJcWkL�Ys]_HOJcNkt>P^ikL�JMNI�
STJMWkLZomY�PRikL>|}L�]_´mLO[aÐ°{�]mNkW<uk�XP5PRikL>NE�XP^[TJMLONQP�]_te]_[5JMN)]_N�]_�XP^o�HObM]�deL_�
®GikLrP^JMw�L�NkLOHKLOSRSR]_[TfnP^o5SgP^LO[TJMbcJMÛOLjP^iXLBSRoebc�XP^JcoeNnWXLOu}LONkWkSGo_NZfeoe�k[�u1]_[g�
PRJMHO�XbC]_[~]_�XP^o�HObM]�deL_�Ò�òP?JMS�]�teo�oIW�JcWkL�]�PRo�ukbC]_HKL>]_�XPRoIHKbC]�deLZP^]_u}L>oeN
f_oe�k[~|}L�]m´_LO[TS�JcYGJ�P�JMS5]�dm]_JcbC]_|kbcL_�>�r�XP^o�HObM]pd_LvP^]_u2Lvi1]_SlSTP^[TJMu}LOSloeN)JcP
PRi1]mP�]m[RL5oe[TJMteJcN1]_bcbcfZbcJMteiQP�HOo_bMoe[TLOW/|k�IPBP^�k[TN�|kbC]mHa´¬hjikLKN�L`³Iu}oeSRLKW�PRo
PRikLBP^LKwvu}LO[R]mP^�k[TL�]_NkWyuk[TLOSTSR�k[TL�NXLOLOWXLOW¯Y\o_[²STPRLO[RJcbMJcÛ�]mPRJMoeN-�4®GiE�kSO{kf_oe�
HO]_Ny|2L ]_STSR�k[TLOW>P^ik]mPGP^ikL�SgP^LK[RJMbcJMÛO]mP^JcoeNvuX[Ro�HOLOSTSGh²]_SjST�kHOHKLOSRSgY\�kb"JcY"P^iXL
SgP^[RJcu2LKSjoeN>P^ikL�]_�XPRoIHKbC]�deL�P^]_u2L�Haik]_NkteL�HOoebcoe[O�

ÝI�j��Y.P^LO[GSgP^LK[RJMbcJMÛO]mP^JcoeNZJMSGHKoew�ukbML`P^L_{X[RLOw�opdeL�P^iXL�|}L�]m´_LO[TS�hVL�]m[RJMNXtv]m�XP^om�
HKbC]�deL?tebco+d_LOSK� � LOw�LOw~|2LK[BP^i1]mP PRikL�]_�XP^o�HObM]�deL?oeu}LO[^]ÓP^LOS�]mP ¶ Ý ¶ �¯®�<a±
ÏÕÝeØ · <B��Ð`{m]_NkW?]BSTPRL�]_w	uk[TLOSRST�k[RLjo_Y ¶ ØxbM|kS�u2LK[�SR�E�1]_[TLGJMNkHai¬Ï\ukSRJCÐ`��®GikL
SToebM�XPRJMoeNZhjiXJMHai¬HOoew�LOSjoe�XPjJcS²deLK[Tfyiko_PO��ï�L H�]_[TLKY\�kb�U
��Y.P^LO[Ò[RLOw�opdm]_bvY\[Toew PRikLë]_�XPRoIHKbC]�deLm{>]_bcbMoph P^ikLÜ|}L�]m´_LO[TS)P^o�HKoIoeb
LKNkoe�ktei�PRi1]mP�PRikLKf~H�]_N�|}LGHOoew?Y\oe[gPa]_|kb�f�i1]_NkWkbcLOW5hjikJcbML�h�LO]_[RJcNktBd�JMNQf�b
tebcopdeLOSK���òY­PRikLr]_tQ]_[�JcSV]mbMbMophVLOW�P^o�HOo�oebkPRoIo w5�kHai­{IJ�P�hjJMbMbX|2LKteJMN�P^o�SRoÓ�
bcJMWkJ�Y.fe�4�òY#P^ikLBNE�XPR[RJcLONQPj]_tQ]m[VJcS�u}oe�k[RLKWZhjikJMbcLrJ�P�JcSVPRoIo5iXo_P�{EP^ikLK[RLxhjJcbMb
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|}L²L`³IHKLOSRSTJcd_L�HKoeNkWkLKNkS^]ÓP^JMo_N�oeN5P^ikL�HOopdeLK[�o_Y1P^ikL�u2L`P^[RJIWkJMSTi-�8�¬oeJMSgP^�k[TL
oeN>PRikL HOopdeLK[�hjJcbMb#]_WIdeLO[TSRLKbcfyLKµ2LOH`P�[RLOST�kbcPRSjo_Y9bM]mP^LK[GSTPRLOukSK�

ðX�rF�PRJM[9PRikLGNE�XP^[TJMLKNEPV]_te]_[��kSTJMNkt�P^iXLGSTP^Jc[R[TJMNkt�[ToIW5hjikJcHai�h�]_S�]_�XPRoIHKbC]�deLKW
hjJ�P^iyP^ikL~]_tQ]_[K��®GikLKN�u2oe�X[r]mtQ]_[jJMNQP^o?P^iXL~u}LKP^[TJ"WkJMSTi��kNQP^Jcb-P^ikL~]_tQ]_[
îT�kSgPxHKopdeLO[TSxP^iXL~|}o_PRPRoew�o_Y9PRikL~WXJMSRi)ÏÕ]_uXuk[Ro�³IJMwv]mP^LKbcf¬Ý · w�b.Ð`�EÒ�bC]_HKL
PRikLlu}LKPR[RJ"WkJcSRi�HKopdeLO[xoeN¯PRikLlu}LKPR[RJ"WkJcSRi�Jcwvw�LOWXJC]mPRLObcfn]_NkW�]_bMbcophÔP^iXL
]_te]_[�PRonSToebMJcWkJcY.f�Ï\Y\�kbcbcfyteLKb.Ð`�G��Y.P^LK[rP^iXL~ukbM]mP^L�o_Y�]_te]_[ji1]_SxSToebMJcWkJcUkLOW-{
PR�k[RN�P^iXL�uXbC]mPRLOS��kuXSRJMWXL�WXo+hjNv]_NkW?bcLKP�PRikLOw�STJcP�Y\o_[ �$º ikoe�k[TS�]mP�[Ro�oew
PRLOw�u2LK[^]mPR�k[RL�P^o¬Wk[gfe� � [gf�JMNktyLObcJMw�JMN1]ÓP^LOSxL`³IHOLKSRS~h�]mP^LK[lJcN�P^ikLv]_tQ]_[
]_NXW¯[TLOWk�kHKLOSjP^ikL�]_w�oe�kNQPjo_Y�HOo_NkWkLONXS^]mPRJMoeN-�
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±��kb�P^�k[TLOSGoe[TWkLO[TLOWyY\[Roew�]5SR�kukuXbcf>HKoewvuk]_NQfZoe[GSgP^o�Ha´nHOLKNQP^LO[jhjJMbcb2uX[Roe|1]m|kbcf
Nko_PjHKoeNkSTJMSTP�o_Y�teLKNkLKPRJMH�]mbMbcfvJMWXLONQP^JcH�]_b-|k]_HKPRLO[RJM]X��®GikL |1]_H`P^LK[RJC]5hjJcbMb-]mbMb-|}L�o_Y
P^iXL>S^]_w�L>SRu}LOHKJMLOSK{�]mNkW<]�d_]mJMbC]m|kbMLn]_S�]�SRJcNktebMLvSTPR[^]_JcN-�í��oph�L`deLO[K{²[^]mNkWkoew
w5�XP^]mP^JcoeNkS�wn]�fySgP^JMbcb"L`³IJMSgPBWk�kLlP^ovPRikL5bM]_[RteL NE�kw5|}LO[xo_Y�|1]_H`P^LK[RJC]�uk[RLKSRLKNEPO�
®4o/oe|XP^]_JMN�]¯SRoe�k[THOLZomYjteLONkL`P^JcH�]_bcbcf�JMWXLONQP^JcH�]_b�|1]_H`P^LO[TJC]X{�STPR[RL�]m´ÒukbM]mP^LKS5]_[TL
�kSTLOW-�BF�P^[TL�]_´EJMNXtZ]vuXbC]mPRL~]_bcbMophjSjP^ikLl|1]_HKPRLO[TJC]�PRon|}L~STuk[RLO]_W�oe�XPrSRonPRi1]mPx]
SRJcNktebcL�|1]_H`P^LK[RJM�XwÚHO]_N�|2L�JMSRo_bC]mPRLOWlY\[Toew	]_bMb�o_PRikLO[�|k]_HKPRLO[RJM]X�9®GiXJMS9PRLOHaikNkJc�E�kL
JMSrH�]_bcbMLKW�STPR[RLO]_´EJMNktZY\oe[rJMNkWXJcd�JMWk�k]_b"HOoebcoeNkJMLKSO�BFIJMNkHKL5|1]_H`P^LK[RJC]n]_[RLlSRo>SRwv]_bcbÖ{
feo_�ëhjJcbMbjNko_PZ|2L�]m|kbML¬P^o)STLOL/P^ik]mP>JMSToebC]ÓP^LOWÃ|1]_H`P^LO[TJM�kw¬�	�rophVLKd_LO[O{�P^i1]ÓP
|1]_H`P^LK[RJM�Xw�hjJcbMb"[RLKuk[Ro�Wk�kHKL5JcPRSRLKbcY�|Qf¯|kJMN1]m[Tf>U1STSRJMo_N�Ï\P�f�ukJMHO]_b4WkJcd�JMSTJMoeNyP^JcwvL
JMS"oeN P^iXL�o_[RWkLK[4omY&Ý · w�JMNE�XP^LKSaÐ°{m[TLOSR�XbcP^JcNktjJMN |1]_H`P^LK[RJC]GhjikJcHai~]_[TL�teLONkL`P^JcH�]_bcbcf
JMWXLONQP^JcH�]_b9PRo>P^ikL�oe[RJcteJMNk]_b�|k]_HKPRLO[RJc�kw ]_NXW�PRo¬LO]_HaiÒomP^ikLK[O�?®GikLOSTLn|1]mHKP^LK[RJM]
]_[TLld�JMSTJM|kbcL~]_Sx]nSRwv]_bcb4[Toe�kNkW�HKoebMo_NEf¬te[TophjJMNkt�hjikLO[TL5P^ikLK[RL~ik]_W�|2LKLON�oeNXL
JMSToebC]ÓP^LOW�|k]_HKPRLO[RJc�kw¬�4®GiXJMS"wvL`P^iko�W�]_bMbcophjS­feoe��P^oj�kSTL�PRikL�JMNkWXJcd�JMWk�k]_b_HKoebMoeNQf
[RLKu2LO]mP^LKWkbcf>]_NkW¬L`³Iu2LKHKP�SRJcwvJcbC]_[V[RLKSR�kb�P^SO�
®GikLO[TL�]_[TL�SRL`deLK[^]_b�]mHOHOLKuXPa]m|kbML¯STP^[TL�]_´�ukbM]mP^L¬wvL`P^iko�WkSK�Ô®GikL/w�LKPRiko�W

WkLKSRHO[TJM|}LOW¬ikLO[TLlJcSGH�]_bcbMLKWZP^ikL¯ìT®Gí�STPR[RL�]m´>]_NkW¬JMSGoeNXL�omY�PRikL L�]_STJMLOSgP��
¶ ��ó#JMt_iEPx]Zï��XNkSRLKN�|X�k[RNkLK[BJMN¬feoe�X[B|2LKNkHai�SRuk]_HOLm��®�oZwv]_JcNEP^]_JMN¬STPRLO[TJMbML
HKoeNkWkJ�P^JMo_NkSO{4JMNko�HO�XbC]mPRJMoeN�STikoe�kbcW�o�HOHK�k[lhjJ�P^ikJcNÒÝ · HOw omY²P^ikL?Ì&]_w�L_�
� ]_JcP�Ý · STLOHOo_NkWkS?|2L`Y\oe[RLnoeu2LKNkJMNXt�P^ikLnu2L`P^[RJVWkJMSTi<]_NkW�JcNkoIHK�kbC]ÓP^JMNXtk�
®GikJcS?teJcd_LOS?P^ikL>Ì&]_w�L>P^JcwvLZPRo�SgP^LO[TJMbcJMÛOLZPRikLybMo�H�]_b²]_JM[K� � LOw�LOw~|2LK[
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PRi1]mP�feo_��h�]_NQP�P^o�]_HaikJcLKdeL�STPRLO[TJMbMLGHKoeNkWkJ�P^JcoeNkSO� � o Nko_P�hVoe[R´5hjJ�P^i�P^iXL
ukbM]mP^LjHKbMoeSTL�PRolfeo_�k[�Ys]mHOL_��®GiXJMS�hjJMbMbkd�JcoebC]mPRL²P^ikL�STPRLO[TJMbML�LONQd�JM[ToeNkw�LONQP��

ÝI��J�SRL�])wn]m[R´_LK[>oe[Zh�]Ó³ëu}LONkHKJMbrPRo<Wk[^]�h�]<® oeNÜP^iXL�|2o_PTP^oew o_Yl]
ukbM]mP^L�o_Y�NE�XPR[RJMLKNQP�]_tQ]m[O�x®GiXJMSxWXJcd�JMWkLKSrPRikL5ukbM]mP^L�JMNQP^o�P^ik[TLOL5STLOH`P^JMo_NkS
Ï��9JMte�X[RL�ØI�ÞÝI��ÎBNkLjSRLKHKPRJMoeN�HOopdeLK[RSVoeNkL�i1]_bcY}P^iXL�uXbC]mPRL_��®GikL�o_PRikLO[�i1]_b�Y
JcSGWkJcd�JMWXLOWyJMNQP^o�P�hVov�E�1]m[TP^LK[RSK�

�9Jcte�k[RL�Ø�� ÝIz � [R]�hÊ]�ìT®Gí?oeNyP^ikL |}o_PRPRoew�o_Y4feo_�k[ju2L`P^[RJ#WXJMSRi¬]_SjSTikophjN-�

ðX�rF�PRLO[TJMbMJcÛOL�P^iXLnJMNXoIHK�kbC]mPRJMNktybcoIoeuqÏ��9Jcte�k[TLnØ��ÞðQÐ°{�|Qf�ikoebMWXJMNkt¬JcPRSlP^JcuÒJcN
PRikL�Ì&]_w�L��kNQP^JMb­JcPGP^�X[RNkSj[RLKW-�

� ��ó#JcY.Pr�ku�PRikL~bcJMW¯o_Y�P^iXL5ukbC]ÓP^L feoe�/hjJcbMb#|}L5JMNko�HO�XbC]mPRJMNkt�]_NkW�u2oe´mL~P^iXL
JcNkoIHK�kbC]ÓP^JMNXt¬bcoIo_u�P^iX[Roe�kt_iÒP^ikLn]_tQ]_[lHObcoeSRL�P^o�PRikLnSTJMWkLZomY²P^ikLnu2L`P^[RJ
WkJcSRi�P^oyHKoIoeb9JcP��l®GikJMS uk[TLKd_LONQP^S�P^ikL�ikLO]mP Y\[Roewý´EJMbMbcJMNkt�P^ikL?|1]mHKP^LK[RJM]
SR]_wvuXbML~f_oe��h�]_NQP P^oy�kSRLm�?®GikL?ikL�]mP hjJcbMb9NXo_P�i1]_[Rw P^ikL�]_te]_[O�5®4[Tf
PRo�bcJcY.P²PRikL bMJcW>o_Y�PRikL ukbC]ÓP^L��ku¬oeNkb�f>]_SGw5�XHai/]_SGJcSGNkLOHKLOSRSR]_[TfyPRovuk�IP
PRikL~bcoIoeu¬JMNXSRJMWXL_�G�òY�f_oe�/HOo_wvukbcLKPRLObcfy[TLOw�opdeLlPRikL~bcJMW-{1J�P�H�]_N/|}LOHKoew�L
HKoeNQPa]_w�JMN1]ÓP^LOW>hjJ�P^iy|1]_H`P^LO[TJC]5Y\[Ro_w P^iXL�LKNQdIJc[RoeNXwvLKNEPO�

ØI�j®4oe�kHaiÒPRikLnbcoIo_u�PRo¯P^iXLnLOWXteLno_Y�P^ikLvHOoebcoeNQf�te[RophjJMNXt¯oeN�P^ikLvukbC]mPRL_�
®GikLKN¯P^]_´_L�P^iXL�bcoIo_uy]_NkW¬ukbC]_HKLBP^ikL bcJMW>SRLKHO�k[TLOb�fy|1]_Ha´ZoeNyP^iXL�uXbC]mPRL_�
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�9Jcte�k[RLrØI�ñðXz � JM[RL�JMNXNkoIHK�kbC]ÓP^JMNXt�bMo�oeu�]_NkWnNXLOLOWXbMLx�XSRLOWnJMN?P^ikJcSVL°³Xu}LO[TJMw�LONQP��

®X�rFIL`P�P^ikLjukbM]mP^L²f_oe�vhjJcbMbX|}LjSTPR[RL�]m´�JcNkt�SRo P^i1]mP�J�P^S�|}o_PRPRoew�JcS�STJcPTP^JMNXt�oeN
PRikL |2LKNkHai¯PRoeu¬]_NkWyfeoe�¯H�]_N¬SRLKL PRikL ®ÔHKbML�]m[Rbcf_��®GikL�bC]_[TteLOSgPjSRLOH`P^JcoeN
STikoe�kbcWn|}Lx]mP�PRikL�PRoeu-��±²]m[RLKY\�XbMbcf5bMJcY.P��XuvP^iXLxbMJcW�]_NkWvPRoe�kHai�P^ikL�JMNko�H`�
�kbM]mP^JcNktZbcoIoeu¯P^oZP^iXL��kuku}LO[�bML`Y.P�i1]_NXW�HKoe[RNXLO[�o_Y�P^ikL�bM]_[Rt_LOSTPBSRLOH`P^JcoeN
o_YGPRikLZukbM]mP^Lm���¯opdeLZPRikLZbMo�oeuÒY\[Toew bML`Y.P~P^o�[RJMt_iEPO{�|1]_Ha´�]_NkW)Y\oe[gP^i-{
]_HK[RoeSTS�P^ikLjSR�X[TYs]_HKL�omY}PRikL�]_tQ]_[K��FILKL��9JMte�X[RLjØI� � ��F�JMNkHKLGN��IP^[RJcLONQPV]_tQ]_[
JcSl]¬teLOb�hjJ�P^iÒuX[Roeu}LO[gP^JMLKSlSTJMw�JMbM]_[xP^o�îTLObcbMok{#Wko¯Nko_Pluk�kSTi)WkophjNÒhjJcPRi
PRikL bMo�oeu>oe[²feo_�¬hjJcbMb-teo_�kteLBP^iXLl]mtQ]_[O�

;I� � LOukbM]_HOL�PRikL�bMJMWÜomYlPRikL�u2L`P^[RJ�WXJMSRi¨]_NkWëÌ&]_w�L/P^iXL�bcoIoeuë]mtQ]_JMNqPRo
´EJMbcbG]_NQf�[RLKwn]_JcNkJMNXt�|1]_HKPRLO[TJC]�oeN8J�P�� � o_P^]mP^L>P^iXL¯ukbM]mP^L ¸e· WkLOt_[RLOLKS
HKoe�kNQP^LK[RHObcoIHa´QhjJcSRL_� ±²]_[RL`Y\�kbMb�fqbcJcY.PZPRikL�bMJMWÜSTbMJcteiQP^bcfq]_NkWëP^oe�XHai¨P^iXL
bcoIoeu�JMNQP^o¬P^ikLnbMLKY.P~SRJcWkLno_YGPRikLZukbM]mP^L�hjikJMHai�HKoeNQPa]_JcNkSlPRikL>]_[TL�]¯f_oe�
SgP^[RLO]_´_LKWÒJcN�PRikL�uk[RL`dIJcoe�kS STPRLOu-���¯opdeL?P^iXL�bcoIo_u�]_HO[ToeSRS P^ikL?ST�k[TYs]_HKL
o_Y�P^ikLl]_tQ]m[��XNEPRJMb#J�PrJcSjJMNyP^ikL�SRwv]_bMbcLO[GSTLOHKPRJMoeN¬JMNyP^iXLl�kuXu2LK[x[RJcteiQPjo_Y
PRikL5ukbM]mP^Lm� � JcPRikJMN¬P^i1]ÓP��E�1]_[TPRLO[BomY�P^ikL5uXbC]mPRL_{}wvopdeLlP^ikL5bcoIo_u�|1]_Ha´
]_NXW¬Y\oe[gP^i¬]_HK[RoeSTSjPRikL�]_tQ]_[GST�k[TYs]mHOLvÏ��9Jcte�k[TL�ØI� Ø_Ð`�
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Start here

End here

�9Jcte�k[RL�Ø�� � z�®4oe�kHai�PRikL�JMNko�HO�kbM]mP^JcNkt>bMo�oeu�P^oyP^iXL��Xuku2LK[lbcLKY.P�i1]_NXW�HKoe[RNkLK[
]_NkWyP^iXLON¬wvopdeL J�Pj]_HO[ToeSRSjP^iXLl]mtQ]_[²Y\[Ro_w�bML`Y.PGP^o?[RJcteiQP�]_SGSRiXo+hjN­�

º � � LOu}L�]mP¶î2'#$dïað>]_SGSTikophjN�JMNÂ�9Jcte�k[TL�ØI�Z®I�
¸ � � LOukbM]_HOL P^iXLlbcJMWyo_Y�PRikLlu}LKPR[RJ"WkJcSRi/]mNkW¯Ì&]mwvL�P^iXL~bMo�oeu¬]_tQ]mJMNyP^o�´�JcbMb
]_NQf>[TLOwv]_JMNXJMNkt5|k]_HKPRLO[RJM]�oeN¯J�P��

¶p· �rFILO]_b1P^ikL�u}LKP^[TJ&WkJMSTi�hjJ�P^iZ] bC]�f_LO[�o_Y-u1]m[^]mU1bcwÍ]_[Toe�kNkW�P^ikL�LOWkt_L_��®GikJcS
´mLOLOuXS²P^ikL�]mtQ]_[�Y\[RoewßWk[gfIJcNkt5oe�IP�hjikJcbML�JcPVJMS�JcNvPRikLxJcNkHO�k|k]mP^oe[K����NkHO���
|1]ÓP^LVPRikL�STP^[TL�]_´�ukbM]mP^L�]mP�ð$; < ±��XNEPRJMbEfeoe�~H�]_NlSRLOL�JMNkWkJ�d�JMWk�1]mbQHOoebcoeNkJMLKSO�
��]m´_L�SR�X[RL�P^o5´mLOLKu�]_N>o_u2LKN¬|}L�]m´_LO[GomY4h�]mPRLO[GJMNvP^ikL�JcNkHO�k|k]mP^oe[K�8Ò�L°�
[TJMo�WkJMHO]_bMb�f~HaikLKHa´�PRi1]mPVP^ikLr|2LO]_´_LK[�i1]_S�h²]ÓP^LO[VJMN�JcP1GëWko�Nko_P�bMLKP�J�P�[T�kN
Wk[gfe��®GiXLrh�]mP^LK[�hjJcbMbkwv]_JMNQP^]_JMN?]�HOoeNkSgPa]_NQPVbML`deLOb&o_Y­iE�kwvJcWkJcP�fyÏ ¶p·e·�ñ Ð
JcNyPRikL JMNkHK�k|1]mPRoe[O��F�LOL\�9JMt_�k[RL�ØI�Z;I�

ÎBNkHOL�feo_��i1]�d_Ln]>STPR[RLO]_´/ukbM]mP^L~hjJ�P^i�JMNXWkJcd�JMWX�1]_b9HKoebMo_NkJMLKSO{­f_oe��STikoe�kbcW
JMNXoIHK�kbC]mPRL_{�Y\[Roew ]_NÃJcNkWkJ�dIJcWk�1]_b�HOoebcoeNQfe{�NE�XPR[RJcLONQPZ]mtQ]_[�ukbM]mP^LKS�HKoeNQPa]_JcNkJMNXt
dm]_[RJcoe�kSGHKoeNkHOLKNQP^[^]ÓP^JMo_NkSjo_Y9NE�XPR[RJcLONQP^SK�
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Touch inoculating

loop here

Streak bacteria

i
ò
nto second area

P
ó

reviously streaked

�9Jcte�k[RLnØI�ÞØIz?®�o_�kHai)P^ikLnbMo�oeu�PRo�P^ikLn]_[RLO]/uk[RL`d�JMoe�kSTbcf�STPR[RLO]_´_LKWÃ]mNkWÒP^iXLON
w�o+d_L�P^ikL bMo�oeuy]_HK[RoeSTSGP^ikL�]_tQ]m[j]_SjSRikophjN-�

¶ �j�rSGJMNyukbC]ÓP^LBSgP^[RLO]_´EJMNktX{kbMJcteiQPj]�ï��kNkSTLON¯|k�k[RNXLO[jJMNZf_oe�k[j|2LKNkHai¬SRu1]_HKL
]_NXWÃhVoe[R´)hjJ�P^ikJcNqÝ · HOw omYxP^iXL¬Ì&]mwvL>P^o�wn]mJMNQPa]_JcN�STPRLO[RJcbMLyHOo_NkWkJ��
PRJMoeNkSK� �xtQ]_JcN-{2h�]_J�P Ý · STLOHOo_NkWkS |2L`Y\oe[RL~oeu2LKNkJMNXtZP^ikL5u}LKPR[RJ�WXJMSRi�]mNkW
JcNkoIHK�kbC]ÓP^JMNXtk�

ÝI��J�SRL>]�wv]_[T´_LO[~oe[lh�]Ó³�u}LONXHOJMb�P^o�ukbC]_HKLZ]/WkomP5JMN�P^ikLZHKLONQP^LK[5o_YjP^iXL
oe�IP^SRJcWkL~|}o_PTP^oew o_Y�P^iXL5u2L`P^[TJ9WkJcSRi/o_Y�NE�XPR[RJcLONQP�]_tQ]_[K�#L�o+h	P^�X[RN/P^iXL
ukbM]mP^Lxo+d_LO[GSTo?PRi1]mP²PRikL�|}o_PRPRoew JcS²SRJ�PRPRJMNkt5o_NyPRikL�|}LONkHai>P^o_u-�-Lro_PRJMHKL
PRi1]mP�feo_��HO]_N�SRLOL�PRikL?Wko_P�feo_�>îT�kSgP wn]mWkL5P^ik[Toe�ktei�PRikL?]_tQ]_[K�5®GikJcS
hjJcbMbGikLKbMu8f_oe�qukbM]_HOLyP^ikL¯|1]_H`P^LO[TJC]�oeN8P^iXL�SR�X[TYs]_HKL�o_Y�PRikL�NE�XPR[RJMLKNQP
]_te]_[�ô SGHOLKNEPRLO[K�

ðX�rF�PRLO[TJMbMJcÛOL²PRikLrJcNko�HO�kbM]mP^JcNkt NkLOLKWkbML�|QfvuXbC]_HKJMNkt�P^iXL�PRJMunomY­P^iXLrNkLKLOWkbcLxJcN
PRikL�Ì&]_w�L_�-Ó�LOLKu¬PRikL�P^JMu>PRikLO[TL��XNEPRJMb-PRikL wvL`Pa]_b­PR�k[RNXS�[TLOW-�

� �r±�iko�oeSTL¯]/SgP^[TL�]_´)uXbC]mPRLZHOoeNQP^]_JMNkJcNkt�]_N<JMNXWkJcd�JMWX�1]_b�HOoebcoeNQfe��ó#JcY.P5�ku
PRikLBbMJcWZo_Y#PRikLBSTPR[RLO]_´nukbM]mP^L�feoe�>hjJcbMb}|2LBJcNko�HO�kbM]mP^JcNkt�Y\[Toew¬{X]_NXW>u2oe´mL
PRikL�JMNko�HO�XbC]mPRJMNkt5NXLOLOWXbML�JMNQPRo5P^ikL�]_tQ]m[²HObcoeSRLBPRo?PRikL�SRJcWkL o_Y"P^ikL ukbM]mP^L
PRo�HOo�oebkJcPO�9®GikJcS�uk[RL`deLKNEPRS�PRikLjikL�]ÓP�Y\[Roew	´EJMbMbcJMNkt�P^ikLG|k]_HKPRLO[RJM]�S^]_w�ukbML
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Touching inoculating

l
õ
oop here

Streak into third area

P
ö

reviously

s÷ treaked

�9Jcte�k[RLGØI�Z®Iz�®4oe�kHai?P^ikLGbcoIo_u�oeN5P^ikLjuk[TLKd�JMo_�kSRb�f5STPR[RLO]_´_LKWn]_[TL�]X�9®GikLON�wvopd_L
P^iXL�bcoIo_uy]_HO[ToeSRSGP^iXLl]mtQ]_[GoeNQP^o?P^iXL PRikJM[TW¬]_[RLO]�]mS�STikophjN-�

f_oe�>h²]_NQP²PRo��kSRLm��®GikL�ikL�]ÓP²hjJMbcb2NkomP²i1]_[Tw PRikL�]_tQ]m[O��ó#JcY.PVP^ikLxbMJMWvo_Y
PRikLGukbC]ÓP^L²�ku?oeNXbcf~]_S�w5�kHaiv]_S�JcS�NkLOHKLOSRSR]_[Tf�PRo�uk�XP�PRikLGNkLOLKWkbMLGJcNkSRJcWkL_�
�òYjfeo_��HKoew�ukbML`P^LOb�f�[RLOw�opdeLZPRikLZbMJcW-{�J�P5wv]pf�|}LOHOo_wvLZHKoeNQPa]_w�JMNk]mP^LKW
hjJ�P^iy|1]_H`P^LO[TJC]5Y\[Ro_w P^iXL�LKNQdIJc[RoeNXwvLKNEPO�

ØI�j®4oe�kHai¬P^ikL�JMNko�HO�XbC]mPRJMNkt5NXLOLOWXbML P^ov]_N¯JcNkWkJ�dIJcWk�1]_b2HOoebcoeNQfyte[RophjJcNkt?oeN
PRikLruXbC]mPRL_��®�]_´_LrH�]_[TLxNkomPVPRo~STP^]_|vPRikLxJcNko�HO�kbM]mP^JcNkt�NkLOLKWkbMLrWkophjNZJMNQPRo
PRikLB]_te]_[O��®GiXLON>[RLKwvopd_LrP^iXLxJMNXoIHK�kbC]mPRJMNkt NkLKLOWkbcLrY\[ToewÍP^ikLrukbC]mPRLx]mNkW
ukbM]_HOLBPRikL bMJcW>SRLOHK�k[RLKbcfy|1]mHa´ZoeNyP^ikL ukbM]mP^Lm�

®X�r±²]_[TLKY\�kbcbcf<bcJcY.P��kuqP^iXL�bMJcW8o_Y�PRikL�uXbC]mPRL¯feo_�Ü]_[RL�JMNko�HO�kbM]mP^JcNkt�oeNQP^ok�
®4oe�kHai�PRikL�JMNko�HO�kbM]mP^JcNkt�NkLKLOWkbcL�PRovP^iXL�d_LO[Tf¬HKLONQP^LK[xo_Y�PRikL�SR�k[gYs]_HOL�o_Y
PRikLBNE�XP^[TJMLKNEP�]mtQ]_[O�9®GikL�Wko_P²f_oe�>Wk[TLKh¨oeNZP^ikLx|2o_PTP^oew SRiXoe�kbMW>wv]_´mL
J�P�L�]mSRJMLK[9P^oxbMo�H�]mPRL_��ï�LGH�]_[TLKY\�kb�P^i1]ÓP�feoe�?WkoxNko_P�SgPa]_|5PRikLGJMNko�HO�XbC]mPRJMNkt
NkLKLOWkbcL JMNQP^o�P^iXL�NE�XPR[RJcLONQPr]_tQ]_[K�

;I��Ò�bC]mHOL²P^iXL�bcJMW5o_N?PRikLjukbC]ÓP^L_{E]mNkW�Ì&]_w�L²P^ikLGJcNkoIHK�kbC]ÓP^JMNXtBNkLOLKWkbML²PRo ´�JcbMb
]_NQf>[TLOwv]_JMNXJMNkt5|k]_HKPRLO[RJM]X�

º �rFILO]_b�PRikL>ukbC]ÓP^LvhjJ�P^i�]/bC]�f_LO[5o_Y�u1]m[^]mU1bcw ]m[Roe�kNXW<PRikLZLKWkteLOSK�)®GikJcS
´mLOLOuXSjPRikLBNE�XPR[RJMLKNQP�]_tQ]_[�Y\[RoewßWk[gfIJcNkt�oe�XP�hjikJMbcLxJcP�JMSVJMNnPRikL�JMNkHK�k|1]Ó�
PRoe[O�-�¯]_´_L�ST�k[RLxPRo~´mLOLOu¬]_Nnoeu2LKN>|2LO]_´_LK[²o_Y#h�]mP^LK[�JcNnP^ikLrJMNkHK�k|1]mPRoe[O�
Ò4LO[RJcoIWXJMH�]mbMbcf�HaikLKHa´)P^i1]ÓP�P^ikLy|}L�]_´mLO[?i1]_S5h�]mP^LK[?JMN<JcPå5ÒWko�NkomP?bMLKP



¶ Ý=® ¹�ºr»x¼B½�¾�¿�ÀEÁÃÂ�Ä`ÅGÆVÅ ÇGÄ`¹9»BÆ�Â²¿�»xÈ5¹�º�ÄÉÈ5ÇÊ¼2»x½G½�¾�¿�ÈBË

Previously Streaked Individual Colony

�9Jcte�k[RL�ØI�¬;�zÊ��NkHO�X|1]mP^L�PRikL<STP^[TL�]_´ÔukbC]mPRL)�kNQP^Jcb~feo_�ÚHO]_NÙSRLOL�JMNXWkJcd�JMWX�1]_b
HOo_bMoeNkJcLOSK�a��]m´_LySR�k[TL>P^o�´_LKLOuÃ]_N<oeu2LKN<|2LO]_´_LK[�omY�h�]mPRLO[�JMN)PRikLyJMNkHK�k|1]Ó�
P^o_[O�

J�Pr[T�kN/Wk[gfe�G®GikLlh²]mPRLO[�hjJMbMb­wn]_JcNQPa]_JcN¯]�HOoeNXSTPa]mNEPxbML`deLOb4o_Y�iE�kw�JMWXJcP�f
Ï ¶p·e·$ñ Ð�JMN>PRikL JMNkHK�k|1]mPRoe[O�

Ì äSÐ#å+æsç}è-Ñ � ikLKNÜWkJMSTu2o_SRJMNXt�o_YB�kNQh²]_NQPRLOWë|1]_H°�
P^LK[RJM]_brHKoebMo_NEfÃukbM]mP^LKSO{Gfeoe�ëw5�XSTPZU1[TSTP¬]_�IP^o�HObC]�d_L
P^iXLOw¬��®GikJMS�hjJMbcbk´EJMbcbXP^ikL�|1]_H`P^LK[RJC]I{I]mNkWnwv]_´_LGPRikL
ukbM]mP^LKSGS^]mY\L�Y\oe[GWkJcSRu}oeS^]mb#JMNy]?[RLOt_�kbC]_[VP^[^]mSRi¬|1]_tk�
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hji-k#lHm,nokµøNù�sßÁú�SvzÃû¿*�üv£�¹½ûi8�)¿�xÀ�d{|i	ýúk#lHxz�û�/¿*i8�*þ8i¼¿*{1vEk
ÿ vEk#l¶{&¿S{1vck#m
�xS>w�LONQPRJMoeNkLKWü]_|2opd_L_{\"�'Hbd �%O÷��.û!���`{H+:'KD � û!�.{r]_NkWú+:'��@�`ø � ���`ö)����]_[TL�]_bMbHOo_wvw�oeNkb�fE�òoIHKHO�k[T[RJcNktv|k]_HKPRLO[RJM]X����N/Ys]_HKPO{-h�L?]_[TL5SR�X[R[Ro_�kNkWkLKW�|Qf/SToywn]_NQf
WkJ�µ­LK[RLONQP~|1]_HKPRLO[TJC]�JcNÒoe�k[lLONQd�JM[ToeNkw�LONQP5P^ik]mP~PRo�te[To+h ]�STJMNkt_bML�STP^[R]_JMN�[RL°�
�E�kJM[TLOS�H�]_[TLKY\�kb4]mPTP^LKNEPRJMoeNyP^ov]�deoeJcW ��� ö1÷Öõ ÿ �.ö}õ_÷�� � ö�ÏsJMNIY\LOHKPRJMNkt?P^iXLl|1]mHKP^LK[RJM]feo_�Ã]m[RL>te[To+hjJcNkt/hjJcPRi<]_Nko_PRikLO[�SgP^[R]_JMN&Ð°���xbch�]�f�S?P^]_´_L>SgPa]_NXW1]_[RW<bM]_|2o_[^]Ó�
P^o_[TfZuX[RLOHO]_�XPRJMoeNkSj]mNkW>h�LO]_[jtebMopdeLKS²hjikLON¯i1]_NkWXbMJMNXt~P^ikL�|k]_HKPRLO[RJM]?]_NkW¬]_tQ]_[
ukbM]mP^LKSO�



ÀEÁ�êeÁ8ÂV»�¹�½�¾�¿jÄ�»BÆë¹GÅGÆ�ÅGÈrÄÉ¾�Ë ¶ Ý=;
¶ ���1oebcbMophqP^iXLBJMNkSgP^[T�kHKPRJMoeNkS�JMN��r]_NkWkS^Î�N ¶
º P^o5wv]_´_Lrfeoe�k[j]mtQ]_[�uXbC]mPRLOSO�
ÝI���1oebcbMoph8PRikLBJMNXSTP^[T�kHKPRJMoeNXS�JMN��x]_NkWXSaÎBN ¶p¸ PRo5JMNko�HO�XbC]mPRLx]_NXW>JMNkHK�k|1]mPRL
f_oe�k[�]_tQ]_[GuXbC]mPRLOSO�

ðX�j��Ny]_WXWkJcPRJMoeN�P^o~PRikLBSRJcNktebcLxu}oeJMNQP²JcNko�HO�kbM]mP^JcoeNvL°³Iu2LK[RJMw�LONQPRS²WkLOSTHO[TJM|}LOW
JcN��x]_NXWkSaÎBN ¶p¸ {IWko�]_N>L°³Iu2LK[RJMw�LONQP�JMNnhjikJcHaiZP�h�o�HKoebMo_NkJMLKS�HOo_wvu}LKPRL
oeNy]5STJMNkt_bMLBukbM]mP^Lm��ÎBNyL�]_Haiyo_Y"P�hVo�uXbC]mPRLOSO{XJMNko�HO�kbM]mP^Lx]mP²P�hVo?u2oeJcNQP^SO{
STLOu1]_[R]mP^LKW¯|Qf · � Ø5HOLKNQP^JMw�LKPRLO[joeNyoeNkL�uXbC]mPRL ]_NkWy|Qf ¶ HKLONQP^JcwvL`P^LK[GoeN
PRikL o_P^ikLK[jukbC]mPRL_�

� �(�¯LO]_SR�X[RLrPRikLxWXJC]_w�LKPRLO[�o_Y-LO]_HaiZ|1]mHKP^LK[RJM]_b&HOoebcoeNQf?W1]_JMb�f�]_NXWn[RLKHOoe[TWZJcP
oeN¬]?Hai1]_[gPrJcNZfeoe�X[rbM]_|>|2o�oe´&�

�úi¼¿�i7Ý�k#i-y���m*{1m
¶ � � LOHKoe[RWë])WkJcteJcP^]_bGJMwv]_teL¬o_Y P^iXL/HOoebcoeNQf<hjJcP^ië]�WkJMteJ�Pa]_bjHO]_wvLK[^]Òo_[
STH�]_NkNXLO[O���òPjwv]pfZbMo�oe´vSToew�LKP^iXJMNkt?bMJc´_LH��JMte�k[TL�ØI� º �

�9Jcte�k[RL¯ØI� º z�FX]_w�ukbMLy�G�V±�oebcJG|1]mP^LK[RJM]_bGHOoebcoeNkJcLOS?te[RophjNÃ�kNkWkLK[vSgPa]_[gd_]ÓP^JMo_N
HOo_NkWkJcPRJMoeNXSO�



¶ Ý º ¹�ºr»x¼B½�¾�¿�ÀEÁÃÂ�Ä`ÅGÆVÅ ÇGÄ`¹9»BÆ�Â²¿�»xÈ5¹�º�ÄÉÈ5ÇÊ¼2»x½G½�¾�¿�ÈBË
ÝI��J�SRJMNXt�P^ikL��"â+äS�_å�äS�g�yæ��Òã�è � æ\ç}èquk[Ro_te[^]_w¬{9U1NXW)P^ikLvWkJMw�LONkSTJMoeN�o_YPRikL5HOo_bMoeNQfe�#�roph	WkoILKSrPRikL5WkJcwvLKNkSRJcoeN¯dm]_[gf/]_SxN��IP^[RJcLONQPBHKoeNkHKLONQP^[R]Ó�
PRJMoeN�dm]_[TJMLKSBJMN/PRikL�ukbC]ÓP^LOS^� �¯L�]_ST�k[RL?|}o_P^i/PRikL�tebcoe|1]_b4WkJMw�LONXSRJMo_N/o_Y
PRikLZ]_t_te[RLKtQ]mP^L/Ï\PRikLnWkJcwvLKNkSRJcoeNÒomYGP^ikLvLONQP^Jc[RLnHKoebMo_NEf�JcNkHObc�kWkJMNXt¯P^iXL
JcNEPRLO[TJMoe[^Ð`{e]mNkW�P^ikLGST�k[TYs]_HKL²Y\[^]_H`Pa]_bIWkJMw�LONXSRJMo_NyÏ\PRikL²Y\[^]_H`Pa]_bIWkJMw�LONXSRJMo_N
o_Y4P^iXL�LKWkteL o_Y4P^ikL HKoebMoeNQfXÐ`�
��o+h¨Wko�LOS²PRikLBtebcoe|1]_b}WkJMw�LONXSRJMo_NZHOoew�u1]_[TLxhjJcPRiZP^i1]ÓPjo_Y4]�WkJcµ2�kSRJcoeNI�
bcJMw�JcP^LKWZ]_t_te[RLKtQ]mP^L�Ï � ó#��ÐR�
��o+h<WXoILKS�P^iXL�SR�X[TYs]_HKL²WkJMw�LONXSRJMo_NlHKoewvuk]_[RL�hjJcPRilP^ik]mP�L°³Xu}LOH`P^LKW5Y\[Roew
]²[R]_NkWkoewüh²]mbM´I�y±�oewvuk]_[RL�PRikL�WkJMw�LONXSRJMo_N�oe|XPa]mJMNkLKWBhjJcP^iBPRi1]mP#Y\oe�XNkW
JcNß�r]_NkWkS^ÎBN ¶ ;����òY�P^iXL�WXJMw�LONkSTJMoeN�WkJ�µ­LK[RSBY\[Ro_w�P^i1]ÓP o_Y²]y[^]mNkWkoew
h�]_bM´mLO[Bw�o�WkLObÕ{}WXoILKSBJcPx|2LKi1]�deL?]_S�feoe�/hVoe�kbcW�L`³Iu2LKHKP�hjJ�P^i/|1]mHKP^LK[RJM]
PRi1]mP�]_[TL²SRo�HOJM]_bMb�f HOo�oeu}LO[^]ÓP^Jcd_Lp� � [TJcPRLG]BSRiko_[TP�u1]m[^]_te[R]_uki�L°³XuXbC]_JcNkJMNkt
hjiQfe{&oe[²hjiQfyNkomP��

ðX��Ò�bMomPGP^ikL [^]mWkJM�kSGomY�PRikL�]_tete[TLOtQ]mPRLBdeLK[RSR�XSrP^JcwvLB]_NkWyU1NkWyP^ikL te[To+hGPRi
d_LObMo�HOJ�P�fe����SGP^iXJMSj]_bcSRo�]5Y\�kNkHKPRJMoeNyo_Y9NE�XP^[TJMLONQP�bML`deLKb.�

� �j��S�PRikLGte[RophGPRi�o_Y&P^ikLGHKoebMoeNQf~bMJMw�JcPRLOW�|Qf5WkJ�µ­�kSTJMoeN�omY2NE�XPR[RJcLONQP^S^��FI�ku��
u}oeSRL?P^ik]mP5]¬NE�XP^[TJMLONQPlwvo_bMLOHK�kbML?w�opdeLOS~]_N)]�d_LO[^]mteLnWkJcSTP^]_NkHOL��yJMN�]
PRJMw�L��r]_HKHOoe[TWkJMNktvP^onPRikL�A=� ³w $��� � ö�û�õ_ô�z	� Ô � ��
 �GhjikLK[RL 
 {2H�]_bcbMLKWPRikL�A=� ³w $��� � ö ��� ö��`÷Öõ_ö1÷Õ{­i1]_SxPRikL�]_ukuX[Ro�³IJMwv]mP^L�d_]mbM�kL ¶p·
�
� HOw Ô Ê STLOHm�ÎBN/]�d_LO[^]mteL~ikoph�Ys]_[jHO]_N/]�N��IP^[RJcLONQPBw�oebcLOHO�XbML�WkJ�µ­�kSTLlJcN�oeNXLliko_�k[a�
ÎBNkL�W1]�fX�ã�rophÔWkoILKS²P^i1]ÓPjHOoew�u1]_[TLBP^o�P^ikL�JcNkJcPRJC]_b}]_NXWyUkN1]_b#te[To+hGPRi
d_LObMo�HOJ�P^JcLOS�f_oe��oe|XSRLO[gdeLKW¯Y\oe[²PRikL |1]_HKPRLO[TJC]_b-HKoebMo_NEfX�

ØI����o+hüWko�feoe�>JcNQP^LO[Tuk[RL`P�f_oe�k[²[TLOSR�XbcP^SVY\oe[�PRikLBukbM]mP^Ljfeo_�>JMNko�HO�kbM]mP^LKWn]ÓP
P�hVo�u2oeJcNQP^S · �ÞØ�HOLKNQP^JMw�LKPRLO[?]_uk]_[TPa����S�JcP�HKoeNkSRJcSTPRLONQP�hjJcPRi<]�w�o�WkLOb
JcNëhjiXJMHai¨]_HOHKLOSRSyP^o�NE�XP^[TJMLKNEPRSyJMS>HOo_NEPR[RoebcbMLKWü|QfÜWXJcµ2�kSRJcoeN&� � i1]ÓP
]_|}oe�XP�PRikL?te[RophGPRi�uk]mPRPRLO[RN�oeN�P^iXL�uXbC]mPRL�JMNko�HO�kbM]mP^LKW�]mP�P�hVo¯u}oeJMNQPRS
¶ HOLKNEPRJMw�LKPRLO[r]_u1]_[gP°��±²]_N¯f_oe�/SRJcw5�kbM]mP^LBPRikJMSjL`³Iu}LO[TJMw�LONQPx�XSRJMNXtvP^iXL
àZá&á&â+ã�á&äXåpæsç}è8é¯æ\å uX[Roete[R]_wn�
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ÀEÁ�êeÁ8ÂV»�¹�½�¾�¿jÄ�»BÆë¹GÅGÆ�ÅGÈrÄÉ¾�Ë ¶ Ý ¸
hji-k#lHm,nok�ø:pcsa�/¿�i-{}kH{|k#~é½¾i8�)¿�xz�d{1i-y ÿ vcy|vckH{|xÀm
�òY­f_oe�?h²]_NQP�P^o�uk[TLOSRLK[Td_Lrfeo_�k[�|1]_HKPRLO[TJC]_bkHKoebMo_NEf_{Qfeoe��H�]_N�STP^]_JMN?J�P���FEPa]_JcNkJMNkt
P^iXLlHKoebMoeNQfy´EJMbcbMS²PRikLl|k]_HKPRLO[RJM]?PRovuX[RLKd_LONQPBY\�k[gP^ikLK[rt_[RophGP^i-{}]_NXW�wv]_´_LKSrP^iXL
HOo_bMoeNQfBLO]_SRJcLO[-PRoGbMo�oe´x]ÓP#|2omP^i�hjJcPRi PRikL�N1]_´mLOW�LKf_LV]mNkW �kNkWkLK[�]Gw�JMHK[RoeSTHOoeu}L_�

Ï¯ç1åpã ç Î Ì äSÐ"åpæsç}è-Ñ Ò�bMLO]_SRL�NXo_P^L�PRi1]mPÊPRikL
w�LKP^ik]_Nkoeb�]_NXWÒ]_HKLKPRJMH�]_HOJcW��kSRLKW)JMN�P^iXL�SgPa]_JcNkJMNXt
SRo_bM�XPRJMoeN¬]_[TL~i1]_ÛO]_[RWXoe�kSO�G®4onuX[RLKd_LONQP�W1]mwn]_t_L PRo
P^iXL�w~�kHO�kS�w�LOw~|k[^]_NXL_{4]nY\�kw�L�ikoIo�W�SRiko_�kbMW�|}L
�kSTLOW-�¾¢�bMopd_LOS�SRiXoe�kbMW<|}LZh�o_[RN�P^o�uk[TLKdeLKNQPnST´�JcN
JM[T[RJ�Pa]mPRJMoeN8]_NkWëNkLOJ�P^ikLK[yHaikLOw�JMHO]_bBSRiXoe�kbMWë|}L�JMNI�
teLKSTP^LKW-�Íï�L�ST�k[RL/PRo<´_LOLKuüPRikL���]mPRLO[TJC]_bBFX]mY\LKP�f
� ]mP^]�FIikLKLKP^S�uX[Ropd�JMWkLKW�|Qf�P^ikLZHaiXLOw�JMH�]mb�SR�Xukukbcf
HOo_wvu1]mNEf_� Ñ�oe�ÙhjJMbcb�]_bcSRoë|2L�hVoe[R´EJcNktühjJ�P^iÚ]
STPR[RoeNXtnSTP^]_JMNXJMNktv]_teLKNEPO��ï�LlST�k[RLlP^ovP^]_´_Lluk[RLKH�]_���
P^JcoeNkSG[TLOtQ]_[TWkJMNXt�ST´EJMN¬]_NkW¬HObco_P^ikJcNktk�

Ñ�oe�yhjJMbMb2NkLOLKW-z
þ SgP^JM[T[RJcNkt�[Ro�W
þ |}L�]_´mLO[
þ te[R]_Wk�1]ÓP^LOW¬HKf�bcJMNkWkLK[
þ · � ¶Ëñ ±�oIoewv]_STSRJML ïV[RJMbcbMJM]_NQP²ï�bc�kL � STP^]_JMN�Ïs]pdm]_JcbC]_|XbMLrY\[Toew�F�JMtewv]QÐ
þ w�LKPRi1]_Nkoeb
þ ]_HKLKPRJMH ]_HKJMW�Ïsoe[²d�JcNkLOtQ]m[aÐ
þ WkJcSTPRJMbMbcLOWnh�]mPRLO[
þ F�P^]_JMNXJMNkt�FIo_bM�XPRJMoeN
þ � JMNkSTJMNkt�F�oebM�XPRJMoeN
®�oyuk[TLOu1]m[RL ¶ bMJ�P^LO[ro_Y�STP^]_JMNkJcNkt>SRo_bM�XPRJMoeN<Ï\|2L�ST�k[RL�PRoZY\oebMbco+h�PRikL�L`³X]_H`P

oe[TWkLO[jo_Y4P^ikLKSRL�STPRLOukS^Ð`z



¶ ð · ¹�ºr»x¼B½�¾�¿�ÀEÁÃÂ�Ä`ÅGÆVÅ ÇGÄ`¹9»BÆ�Â²¿�»xÈ5¹�º�ÄÉÈ5ÇÊ¼2»x½G½�¾�¿�ÈBË
¶ �j®4o�] ¶p·_·e· wvb­|2LO]_´_LK[x]_WXW �Q·_· wvb-WXJMSTPRJMbcbMLOWvh²]mPRLO[K�
ÝI�j�rWkW/Ø ·e· wvb-w�LKPRi1]_Nko_bÖ�
ðX�j�rWkW ¶p·e· w�b²]mHOLKPRJMH>]mHOJMW­���òY�]_HOL`P^JMHZ]_HOJcW�JMS~NXo_P?]�dm]_JMbM]_|kbMLm{4d�JcNkLOtQ]m[
HO]_N¯|}L��kSTLOW�JcNyJcP^SGuXbC]_HKL_�

� �j�rWkW ¶ te[^]_w o_Y · � ¶Ëñ ±�oIoewv]_STSRJMLnï�[RJcbMbcJC]_NQP � SgPa]_JcN�u2ophjWkLK[O�í�¯J�³
PRikoe[Ro_�kteikb�fZ�kNQP^Jcb­P^iXL�SToebM�IP^JMo_N>|2LKHOoew�LOS�]��kNkJ�Y\oe[Rw |kbM�kLm�

®GikLyJMNkt_[RLOWXJMLONQPRS5H�]_N<|}L>SRHO]_bMLKW�uk[Roeu}oe[gP^JMo_N1]_bMb�f�Y\oe[5STwn]_bcbMLK[~]_w�oe�kNQPRS
o_YGSgPa]_JcNkJMNXt¬SToebM�IP^JMo_N-��JrSTLvPRikLv|k]_SRLvuk[Roeu}oe[gP^JMo_NkS o_Y�Ï � z ØIz ¶ ÐBWkJcSTP^JcbMbcLOW�h²]+�
P^LK[Oz wvL`P^i1]mNkoebÖzñ]_HKLKP^JcH�]_HKJMW-�
®GikL�[RJcNkSRLrSRoebc�XP^JcoeNnHO]_N>|}Lxwv]_WkLx|QfvY\oebMbco+hjJcNkt¹î2'#$dï}(������vY\oe[�wv]_´EJMNXt

P^iXLGSTPa]mJMNkJcNkt�SRoebc�XP^JcoeN-��ï�LGSR�X[RLjNko_P�PRol]mWkW�P^ikLGSgPa]_JcN�u}ophjWkLO[�PRoBfeoe�k[�[TJMNkSTL
SRo_bM�XPRJMoeN-�
¶ ��Ò4oe�k[jSTP^]_JMNkJcNkt?SRoebc�XP^JcoeN>oeNQP^o�ukbM]mP^Lm�²FIo_bM�XPRJMoeN>STikoe�kbcW�îT�kSgP�HOopdeLK[rP^iXL
ST�k[TYs]_HKLvomY�P^iXLvNE�XPR[RJMLKNQP5]_te]_[O�vó#LKP P^ikL�STP^]_JMNXJMNktySRo_bM�XPRJMoeN�STP^]_NkW�oeN
PRikLvNE�XPR[RJcLONQP5]mtQ]_[�Y\oe[�]_ukuk[To�³XJcwn]ÓP^LOb�f � Ø>SRLKHOoeNXWkSO�y®GikJcS�wv]�f�dm]_[Tf
WkLKu2LKNkWkJcNkt?oeN>P^ikL�STJMÛOL ]mNkWyHOoebcoe[²o_Y"P^iXL�HOoebcoeNQfnP^ik]mPGfeoe�¬]_[TL�STP^]_JMNI�
JcNktk�

ÝI��Ò4oe�k[BSToebM�XPRJMoeN�o_µ�PRikL�NE�XP^[TJMLKNEP�]_tQ]_[K�¶Ò�oe�k[�o_N/[RJcNkSRL5SToebM�IP^JMo_N-���xtm�
J�Pa]mPRLl[TJMNkSTL5SRoebc�XP^JcoeN¯Y\o_[B]_ukuX[Ro�³IJMwv]mP^LKbcf>P^LKN�SRLKHOoeNkWXSO� ó#LKPBPRikL5[TJMNkSTL
SToebM�XPRJMoeN�SgPa]_NXW8oeN<P^ikLyNE�XPR[RJMLKNQPZ]_te]_[5Y\oe[?]_ukuX[Ro�³IJMwv]mP^LKbcf<Ø · w�oe[RL
STLOHOo_NkWkSO�

ðX��Ò4oe�k[�omµ¬PRikL�[RJMNXSRLxSToebM�IP^JMo_N-���òY4]mNEf�[TJMNkSTLrSToebM�XPRJMoeN�[RLKwn]mJMNkSK{Ef_oe�ZHO]_N
JcNEd_LO[gP�PRikL ukbC]ÓP^L�oeNQP^o�]?u1]_u}LO[²PRo+hVLOb"�kNQPRJMb-J�PjJMSGWk[gfe�

Ï¯ç1åpãßç Î Ì äSÐ#å+æsç}è-Ñ � ikLONÚWkJMSTu2o_SRJMNXtüomYn�kN��h�]_NQP^LOWÒ|1]_HKPRLO[TJC]_b�HKoebMo_NEf�uXbC]mPRLOSO{#f_oe�Òw5�XSTP U1[RSgP
]_�XPRoIHKbC]�deLVP^ikLKw¯��®GikJMS�hjJcbMbE´EJMbMbEP^iXLG|1]_HKPRLO[TJC]X{Q]mNkW
wv]_´_LnPRikL>ukbM]mP^LKS~S^]ÓY\LZY\oe[~WkJcSRu}oeS^]mb�JMN)]/[RLOt_�kbC]_[
P^[R]_SRi¬|1]_tX�
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®4o�SToew�LOoeNkLxSRJcPTP^JcNkt�oe�XPGJcNZP^ikL�ST�kN>h²]ÓP^HaikJcNkt�P^ikL ]_NQPRSO{1|}LOLOSK{&]_NkWy|}LOLKPRbMLKS
oeN¯]vikomPrWk]pf_{&JcPr]_uku}L�]_[TSGP^i1]mPrJMNXSRLOH`P^S�[RoQ]mw�]_|}oe�XP�JMN¯]�[R]_NkWko_w Ys]_SRikJcoeN-�
®GikLxPR[^]_JcbMS�P^iXLKfZbcL�]�deLrJMNnPRikLxWX�kSTPj]m[RLxbcLOSTS²oe[RWXLO[Rb�f?P^i1]_Nvhji1]mP�hVLBJcwn]_t_JMNkL
P^iXLvJcNEPRLO[TJMoe[TS�o_Y�PRikLOJc[�NXLOSTPRSlw~�kSTPlbMo�oe´�bcJM´mL_�KLro_P�oeNkb�f�]_NQP^S�wv]_´_L?NkLKSTP^SQ�
wv]_NQfyo_P^ikLK[xSToIHKJC]_b"JMNXSRLOH`P^SrWkoZSRon]_SrhVLObcbÖ�j��N/NkLKSTPRSxo_Y�ST�kHai�JMNXSRLOH`P^SK{­LOSTu2L°�
HOJM]_bMb�f�PRikLnikJcteikb�f�oe[Rte]_NkJMÛKLOW�JMNkSTLOHKPRS~ST�kHai<]_SlPRLO[TwvJ�P^LOSK{4h�]_STukSO{�]_NXW)|2LKLOSK{
WkLKHOJMSTJMoeNXS�]_uku}L�]_[�P^oZ|}L5wv]_WkLlHOo�oeu2LK[^]mPRJcd_LObcf_{-]_SxJcY�JcN�]nikJcteikbcf¬oe[TtQ]_NkJcÛOLKW
SRo�HOJcLKP�f_�
®GikL²w�oe[RL�uk[TJMw�JcP^J�deL�PRLO[Rw�JcPRLOS"Y\LOLKW�WkJM[TLOHKPRbcf oeN�P^ikL�h�o�o�W5JMN�hjikJMHai~PRikLKf

NkLKSTP�{EhjikJcbMLj]_WXdm]_NXHOLOWvSRu}LOHKJMLOSVo_Y}P^LO[TwvJ�P^LKS�NXLOSTPVJMN?SToeJMb&]_NXW�Y\oe[R]_teLGY\oe[�WkLO]_W
hVoIo�W-{Ete[^]mSRSO{�SRLKLOW-{I]_NkWvo_P^iXLO[�SRoe�X[RHOLKS�o_Y­HOLKbMbM�XbMoeSTL_{E] wn]+îTo_[�HOoew�u2o_NkLONQP�o_Y
w�oeSTP9ukbC]_NQP9HOLObcbIh�]_bMbcSO�4®�o�[TL�]_Hai5PRikJMS�Y\oIo�W-{mhVoe[T´_LO[TS�wn]m´_L�PR�kNkNkLKbMS9PRik[Roe�Xtei
P^iXLlSToeJMbÕ{kHOoeNXSTP^[T�kHKPrHOopd_LO[RLKW/P^[R]_JMb�h²]�f�Sjo+d_LO[jP^ikL�SR�X[TYs]_HKLlo_Y�P^ikL�te[Toe�kNkW-{1o_[
wv]_[R´vL`³Iu2o_SRLOW¬P^[R]_JMbcS�hjJcPRi¬o�Wkoe[²Y\o_[Go_P^ikLK[RSGP^o�Y\oebcbMoph �
F�P^�XWXf�JMNktvSR�kHai/JcNkSRLKHKPRSxJMNyP^iXL�hjJcbMW¬JMS�]�P^]_SR´ZY\oe[�WkLKWkJMHO]mP^LKW�LONQPRoewvo_bMom�

teJcSTP^SK�8�rophVLKd_LO[O{�JcP�JcS�u2o_SRSRJc|kbMLVP^o�teLKP�]BÌ&]�deo_[�Y\o_[�P^ikLjNkLKSTP^JcNkt�]_NkW?Y\oe[^]mteJMNkt
|}LOi1]�d�JMoe[ o_Y�SR�kHaiÒSRo�HOJC]mb�JMNkSTLOHKPRSl�XSRJMNXt¯STJMw�ukbML?]_uXu1]_[^]ÓP^�kSK�>ï�LObcoph�hVLnWkL°�
SRHK[RJc|2L SR�XHai/]_NyL`³Iu}LO[TJMw�LONQP��kSRJcNkt�P^LO[TwvJ�P^LKSO�
��NÒP^iXLvL°³Xu}LO[TJMw�LONQP~PRi1]mP Y\oebcbMophjSO{"feoe�ÒSTP^�XWXf�P^LO[TwvJ�P^LKS�Y\oe[TwvJcNkt>P^[R]_JMbcSO�

®GikLBPRLO[Rw�JcPRLOS�]_[RLBHKoeNXU1NXLOW>P^o�SR]_NkW>|}LKP�hVLOLONyP�hVo�uXbC]mPRLOS²o_Y4]mHO[Tf�bcJMHxuXbC]_SgP^JMH
]_SVSRikophjN>JMN��9JMt_�k[RLrØI� ¸ ��®GikLrukbC]mPRLOS�]_[RL�SRu1]mHOLOW ¶�Ê ðQÝ�JcNkHai�Ï · � ·=º HOLKNQP^JMw�L`�
P^LK[aÐ?]_u1]_[gP�{�HOoe[T[RLKSRu}oeNkWkJcNkt�PRo�PRikL¬hjJcWkLOSgPnuk]_[TP�o_YB]�PRLO[Rw�JcPRL=ô S?|2o�WXfe{VJcPRS
ikLO]_W-��Ñ�oe�yukbC]mHOL ]_|}oe�XP ¶ Ø · PRLO[TwvJ�P^LOS²]mPGP^ikL HKLONQP^LK[ro_Y4P^iXL�HOLObcbÖ{1]mNkW>Y\[Roew
P^iXLO[RL²PRikLKf~Y\oe[^]_t_L²JMN5PRikLGS^]_NXWvSTLOLO´EJcNkt�Y\oIo�W-�9®GiXLO[RLjJcS�Nko�Y\oIo�W5JcN5P^ikLGSR]_NkW
ÏÕ]mbcP^iXoe�kteiZf_oe��]m[RL�JMNQd�JcPRLOW>P^o�]_b�P^LK[²P^ikL�L°³Xu}LO[TJMw�LONQPjP^o?JMNXHObM�XWkLxY\o�oIW�GÜSRLKL
[RLKSRLO]_[RHai�]_HKPRJcd�JcPRJMLOS²]mPjP^ikL LONXW¯o_Y4P^iXJMSGHai1]_uIP^LO[^Ð`�
��Y\�kNkW1]_w�LONQP^]_b-�E�kLOSgP^JcoeN¬hVL�P^[gfnP^o�]_NXSThVLO[�JMS²hjikL`P^ikLK[�o_[GNko_PGhVLlHO]_N

WkJcSTP^JcNkte�kJcSRi�P^ikL?P^LK[Rw�JcPRLOS�ô-Y\o_[^]_teJcNkt¬|2LKi1]�dIJcoe[�Y\[Roew [R]_NkWko_w wvo_PRJMoeN­{�]mNkW
hjikL`P^ikLK[Boe[xNXo_PrPRikLO[TL5JMSr]v�E�1]mNEPRJcP^]mP^J�deLlh�]�f¯PRonL`d_]mbM�1]mPRLlPRikL~u1]ÓPRP^LK[RNkSro_Y
P^iXLOJM[²PR[^]_JcbMSK�
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(a)

(b)

1/32"

�9Jcte�k[RL�Ø�� ¸ z�®GiXL�PRLO[Rw�JcPRL�HOLKbMbÖ��Ïs]QÐ�®4oeu¬d�JcLKhÊomY�HOLKbMbÕ��®�LK[Rw�JcP^LKSj]_[RL ukbM]_HOLKW
]mP�PRikL²HKLONQP^LK[�]_NkW�w�o+d_LGJMNQP^orP^ikL²STi1]_WkLKWn]m[RL�]�P^i1]mP�JMS9U1bcbMLKWlhjJcPRi�S^]_NXW-�jÏs|1Ð
FIJcWkL²d�JMLKhÃo_Y&P^LK[Rw�JcPRL�HOLKbMbÕ{eJMNkWXJMH�]ÓP^JMNXt ¶ËÊ ðQÝxJcNkHai¬Ï · � ·�º HKLONQP^JcwvL`P^LK[aÐ9SRuk]_HOJcNkt
|}LKP�hVLOLON�ukbC]mPRLOSK�

× ØI� º z ®�[gf�uk[RLKWkJMH`P^JcNkt/P^ikLyu1]ÓPRP^LK[RN<o_Y�P^LK[Rw�JcP^L
P^�XNkNkLObcS"]_S#P^ikL�PRLO[TwvJ�P^LOS­SRuk[TL�]_W�oe�XP#Y\[Toew¨PRikL�HOLON��
P^LK[lomY²P^ikL�HOLKbMbÕ� � i1]mP�hVoe�kbMW�P^ikJcSluk]mPRPRLO[RN�bMo�oe´
bMJc´_L/J�Y�P^ikL¯P^LO[TwvJ�P^LKSnh�LK[RL�L`³ILKHO�XPRJMNkt�])[^]mNkWkoew
h�]_bM´ZSgPa]_[gP^JcNkt5Y\[Roew P^ikL HOLKNQP^LO[^�
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hji-k#lHm,nok�ø£ø/s/.KxÀ�107{2¿�x2.��HkHk#xzy¹Å0i¼¿�¿*xÀ�dk#m
®GikL�uk[ToIHKLOSTS�o_Y�U1NkWkJcNktZhjJMbcW¯P^LK[Rw�JcPRLOS?Ïs]_SBoeuku}oeSTLOW�P^oZWXoewvLKSTPRJMH�]ÓP^LOW/PRLO[É�
w�JcP^LKSaÐ#d_]m[RJMLKS9|QflteLOoet_[^]_ukiXJMH�[TLOteJcoeN-�4��NfLrL`hq��NktebM]_NkW-{Óh�LGt_oxP^o�]xhVo�oIWkLKW
u1]_[T´y]_NkW¯SRL�]m[RHai�]_w�oeNkt?P^iXLl[TLOwv]_JMNkSjo_Y9WkL�]mW�P^[TLOLOSroeNyP^ikLlte[Roe�XNkW-�²®4LO[É�
w�JcP^LKSrbcJM´mL~SRomY.P�{}W1]_w�u�h�o�o�W-�x�rN�]Ó³2{-]nik]_wvw�LO[jhjJcPRi�]nteo�o�W�HObM]�h {2oe[x]
HO[Tophj|1]_[�]_[TLZ�kSTLKY\�kb�P^o�oebMS P^o/uX[Tf�oe[~STukbMJ�P~oeu}LON�[To_PRPRJMNkt¬h�o�o�W-�¯Ñ�oe�ÒhjJcbMb
LONXHOoe�kNQPRLO[xwv]_NQf>WkJ�µ­LK[RLKNEPrJMNXSRLOH`P^S�Wk�k[TJMNkt�feo_�k[rSTL�]_[THai-{}JMN¬u1]_[TPRJMHK�kbC]_[�H�]_[É�
u}LONQP^LK[²]_NQP^SK{X|k�IPVhjJ�P^inbc�kHa´5feo_�nhjJMbcbkU1NkWvPRLO[TwvJ�P^LOSK��®GikLr|2LKSTP�PRJMw�LGP^o U1NkW
P^LK[Rw�JcPRLOSxJcSxWk�X[RJMNXtvh�]_[Rw�h�LO]mP^iXLO[O� ��N�PRikL~Ys]_bcb#P^LO[TwvJ�P^LKSxteoZ�XNkWkLO[Tte[Ro_�kNkW
P^o~LOSRHO]_u}LBP^ikLBHKoebMWvhjJMNQP^LK[O��Ï � ik]mPGH�]mN>|2LBSTo5U1NkL�]mSG]5W1]�fnJcN43_�kNkLxi��XNEPg�
JMNXtnP^LK[Rw�JcP^LKSxhjJcPRi/feoe�X[�i1]mP^HaiXLKP°�+Ð���N�SToewvL~H�]_STLOS JcPxJMSBu}oeSRSTJM|kbcL~P^o>o_[RWkLK[
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P^LK[Rw�JcPRLOS�Y\[Toew�|kJcoebMoet_JMH�]mbQSR�kukuXbcf�HOoew�u1]_NXJMLOSK�9®GikLVP^LO[TwvJ�P^LKS�hVL�U1NkW�bcoIHO]_bMb�f
]_[TL PRikL SRu}LOHKJMLOS � õ � �ÞúS��� øB�`÷�� �  �û!�.÷2�`ø ÿ ���`�ÎBNkHOL�]�HOoebcoeNQf5JcS9Y\oe�kNkW­{�HKoebMbcLOH`P9P^iXL�uXJMLOHKLOS�o_Y&hVoIo�W�]_NkW?ukbC]mHOL²P^iXLOw�JcN
ukbM]_STPRJMH�P^[R]_SRi�|1]_t_SO�4�òYku}oeSRSTJM|kbcL_{Ó]_bMSTojHOoebcbMLOH`P"SRoew�L�o_YIP^ikL�L�]m[TP^i�SR�X[R[Ro_�kNkWkJcNkt
P^iXLrukJcLOHKLro_Y2h�o�o�W-���òPVJMS�]�t_oIo�WvJcWkL�]�P^o��kSTLB] Wkoe�k|kbcLj|1]_tnÏsoeNkL�|1]_tlJMNkSTJMWkL
]_NkomP^ikLK[aÐ�P^o?uk[TLKdeLKNQPrPRL�]_[TSr]mNkW¬PRikL SR�k|XSRLO�E�kLKNQP�LOSTH�]_u}L o_Y9PRikL�P^LO[TwvJ�P^LKSO�
� ikLON)f_oe��teL`P~P^iXLvP^LK[Rw�JcPRLOS~|k]_Ha´�PRo¯PRikLZbC]m|2oe[R]mP^o_[Tfe{4ukbM]_HOL?P^ikLnbMoeteS

JMN�uXbC]_SgP^JMH�P^[R]pf�SK{4|}o�³ILOSO{"oe[rP^�k|kS bcJMNkLKW/oeN�P^ikL�|}o_PTP^oew�hjJcPRi/P^ikL�WkJc[TPBf_oe�
HOo_bMbMLKHKPRLOW-��ï�LlST�k[RL P^o�Wk[TJMbMb­oe[juk�kNkH`P^�k[TL~ikoebcLOS�JMN>P^iXLlbcJMWyo_Y9PRikL�HOoeNQPa]mJMNkLK[
Y\oe[�d_LONQP^JcbC]mPRJMoeN­�8Ò�LK[RJMo�WkJcH�]_bcbcf�P^iXLBh�o�oIWySTikoe�kbcW¬|}L�SRuX[^]�feLKW¬hjJ�P^i>h²]ÓP^LO[²PRo
wv]_JMNQPa]mJMN?]_Nv]_WkLK���k]mP^L�wvo_JMSTPR�k[RLGbcLKd_LObÖ�9®GikLrt_[RL�]ÓP^LOSgP�P^ik[TL�]mP�P^o�P^iXLrHKoebMoeNQf
JMS9WkLOiQf�Wk[^]ÓP^JMo_N-���òY}feoe�?ukbM]_N�oeN�´_LKLOukJcNkt�P^ikL²PRLO[TwvJ�P^LOS�Y\oe[�]�u2LK[RJcoIW5omY}PRJMw�L_{
�kSTL�]lw�oebMW�JMNXikJM|kJ�P^oe[�JcNvP^iXLxSRuX[^]�fe��®GikJcSVhjJMbcb1uk[RL`deLKNEPjw�oebcW�Y\[Toewßte[RophjJMNXt
oeN>P^iXL hVo�oIW-{khjiXJMHai¬H�]_N¬´EJMbMb}P^ikL HKoebMoeNQf_�
®�o�HO[TL�]mPRL�P^LO[TwvJ�P^LBPR�kNkNkLKbMSjJMNZPRikL bC]_|}oe[^]ÓP^oe[gfe{IY\o_bMbMophëP^iXJMSGuk[ToIHKLOWk�k[TL_z
¶ ���1oebcbMophÒPRikL�WkL`Pa]_JcbMLKW~JMNXSTP^[T�kHKPRJMoeNXS9JMNloe[RWXLO[9PRoxHOo_NkSTPR[R�kH`P�feoe�X[9P^LK[Rw�JcP^L
HKLObMbÕ� � L�SR�ktet_LOSTP�P^ik]mPl]¬P^LO]_w�o_Y�ìTSRiXoeuI��SR]�d�dEf�í�STPR�kWkLKNEPRS~u}LO[gY\oe[Rw
PRikJMS²P^]_SR´nPRoeteL`P^ikLK[O�

ÝI�(�¯o_JMSTPRLONÜ]�HOo_PTP^oeNÜ|1]mbMbGhjJcPRiÜ]_HOL`P^oeNXL�]_NkWqbcJMteiQPRbcf)hjJcu2L�PRikL�JcNkNkLK[
ST�k[TYs]_HKL>o_Y�P^ikL>HKLObMbÕ���rbMbco+h ]�Y\L`h�w�JMNE�XPRLOS5Y\oe[5L`dm]_u2o_[^]mPRJMoeN-��®GikJcS
hjJcbMb�[RLOw�opdeLZU1NXteLO[Tuk[RJcNEPRS?]_NkW<]_NQfÒwvJcHO[RoÓ��oe[TtQ]_NkJcSRw�S�[TLOwv]_JMNXJMNkt¯oeN
HKLObMbÕ�

ðX���9JcbMbQ]j|}L�]_´mLO[9o_[4omP^ikLK[�HKoeNQPa]_JcNkLO["hjJcPRilSR]_NkW-{Q]mNkW~STbMophjbcf�STJcY.P"P^iXLVSR]_NkW
opdeLK[�PRikLy|2omPRP^o_w o_YrP^ikLyHOLKbMbG�kNQPRJMb�PRikL¯ST�k[TYs]mHOLyJMS?LKd_LONkb�f<HOopdeLK[RLKW-�
ó#LKd_LOb�PRikL?S^]_NkW�hjJcPRi/P^ikL?STikJMw�]_[Roe�XNkW�P^ikL?oe�XPRLO[�LKWkteLOSK��®GikJMS HO]_N
|}Lj]_HOHKoew�ukbMJcSRikLKW5|Qf��kSRJcNktBfeo_�k[�P^oeu?]mHO[Tf�bcJMH²ukbM]mP^L²]_S�]BSTPR[^]_JcteiQP�LOWXteL
PRo�SRw�oIo_PRiZoe�XP�P^ikLBSR]_NkW-�£��oebMWnPRikLBP^o_u>SRikLKLKPju}LO[Ru}LONXWkJMHK�kbC]_[VP^o5P^iXL
HKLObMbV]_NkWÒSRbMophjb�f�Wk[^]_t�JcP~]_HO[ToeSRS�P^ikLZST�k[TYs]mHOL_�yÑ�oe�ÒhjJcbMb�´ENkoph hjiXLON
PRikL?S^]_NkW�JcSBÌ&]mP |}LOH�]m�kSRL?deLK[Tf�bMJ�PRPRbML~SR]_NkW�hjJMbcb9|}L�WkJMSTukbC]_HKLOW�]_S�P^iXL
ukbM]mP^L�JcSGWk[^]mteteLOW¬]_bcoeNkt5PRikL HOLObcbÖ�

� �(�¯o_JMSTPRLONëP^ikL�SR]_NkWëhjJcP^iëh�]mP^LK[¬�XSRJMNXtÃ]<SRuX[^]�fë|2omPRP^bcL_�Í®GikL�SR]_NkW
STikoe�kbcW¬|}LBhVLKP�{1|X�XPjNko_PGSTo�h�L`P�PRi1]mPGu}o�oebMS²omY4h�]mPRLO[�]_HOHK�kw5�kbM]mP^LxoeN
PRikL S^]_NkW­���r|2o_�XP ¶ Ì¬oeÛm��o_Y�h�]mPRLO[jJMS²PRikL [RJMt_iEP�]mwvoe�XNEPO�
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ØI�rFILKHO�k[TLBP^ikLrP^oeuZomY#P^ikLBHKLObcb}PRo~P^ikLx|2o_PTP^oewß�kSTJMNkt~|EfvukbM]_HOJcNkt~|}oebcPRS�JcN
LO]_Hai�o_YVPRikL�ikoebcLOSxPRi1]mP�f_oe��Wk[RJcbMbMLKW-� ®GJMteiQPRLON�WkophjN�P^ikL?|}oebcPRSrhjJcPRi
PRikL~hjJMNXteSxNE�XPRSO��ï�L5HO]_[RL`Y\�kb9NkomPxP^o>WXJMSR[T�kuXPrP^ikL5STwvo�o_PRikNkLOSTSBo_Y�P^iXL
SR]_NkW-�

®X��Ò�bC]mHOLyPa]_u}L/]_bcoeNkt�P^ikL¯LONQP^Jc[RL¯SRJMWXL�o_YBPRikL�HKLObcbjhjiXLO[RL¯P^ikL¬P^oeuÜ]mNkW
|}o_PRPRoew�uXbC]mPRLOSGw�LOLKPO�

;I�j��N<P^ikL¬HOLKNQP^LO[�o_Y�P^ikL¬|}o_PRPRoew ukbM]mP^L>omY�]�SRwv]_bMbVu2L`P^[RJGWXJMSRi­{�Wk[TJMbMb�]
iko_bMLrPRikL�WkJM]_wvL`P^LK[�o_Y"P^iXLBikoebcLBoeNZP^iXLxP^oeu>uXbC]mPRLBo_Y#P^iXLBP^LO[TwvJ�P^LrHOLObcbÖ�
®GikJcS9hVoe�kbMW�|}L ¶ËÊ ÝmíBJcY1f_oe��STPR[RJcHKP^b�f Y\oebMbco+hVLOWlP^ikLGJcNkSTPR[R�kH`P^JMo_NkS�]_|}opdeLm�
®�]_u}LlP^iXJMSx|}o_PTP^oew�u}oe[TPRJMoeN¯o_Y�PRikL5u}LKP^[TJ�WXJMSRi�oeNQP^onPRikLlPRoeu/ukbM]mP^L�o_Y
PRikL HOLObcb­hjJcPRiyJcP^Sjiko_bMLBHKoeJMNkHKJMWkLKNQP�hjJ�P^i>P^iXL�HKLObcbYô SGikoebMLm�

º �	5Kè � ã�âpå+æsè"á*6�ãEâ4�)æ.åpã � æsè2åpçÙå Í ã Ì ã����1Ñ � iXLONÜi1]_NXWkbMJcNkt�PRikL¯PRLO[É�w�JcPRLOSO{2WkoZNkomP�L`³Iu}oeSRL5PRikL5P^LK[Rw�JcP^LKSrPRoZL`³IHOLKSRSTJcdeL�bMJcteiQP�{}ikL�]ÓP�{-oe[x]_JM[
Y\oe[�]_NQfySTJMteNkJ�U1H�]mNEP�bcLONkt_PRi�o_Y�P^JcwvLm�V®GikJcSrJcSju1]_[TPRJMHK�kbC]_[TbcfnJMw�u2oe[gPa]_NQP
J�YBfeoe�ÜWXLOHOJcWkL�PRo)�kSRL/]_NqopdeLK[RikLO]_Wëuk[RoÓîTLKHKPRoe[nP^oÒWkJMSTukbC]�f<P^ikL�u1]mPT�
PRLO[RN�PRi1]mP�Y\oe[TwvSK�5®GikJMS�hVoe[R´ESK{4|X�XP�[RLOw�LOw~|2LK[BP^i1]mP WXLOiQf�Wk[^]mPRJMoeN�JcS
]ZP^iX[RL�]ÓP�P^o>P^ikL?ST�k[Td�Jcdm]_b9o_YVPRikL�P^LK[Rw�JcP^LKS ]_NkW�opdeLK[RikLO]_WÒuk[ToÓîTLOH`P^oe[TS
uk[ToIWX�kHOL�]�bC]_[TteL ]_w�oe�kNQPjo_Y�ikL�]ÓP��
]X�jïV[RL�]m´Zoeu}LON¯]?uXJMLOHKL�o_Y4h�o�oIWyopdeLK[�]�PR[^]�fZo_[GLOw�uXP�f>HOo_NEP^]_JMNXLO[O�
�òY�P^ikLK[RL ]_[TLBP^LK[Rw�JcP^LKSO{XPRikLKfnhjJMbMb}Ys]_bMb2i1]_[TwvbcLOSRSTbcfvoeNQP^o�P^iXL PR[^]�fe�
J�SRJcNkt�]�u1]mJM[5o_Y�P^LK[Rw�JcPRLnY\oe[RHKLOukS¯Ï\SRu}LOHOJM]_bMb�fÒWXLOSRJcteNkLKW�Y\oe[THOLKukS
PRi1]mPluk[RL`deLKNEP5L`³IHOLKSRS5uk[TLOSTSR�k[TLZ]mP�P^ikL?P^JcukSaÐ°{�HO]_[RL`Y\�kbMb�f�ukJcHa´��ku
]�P^LK[Rw�JcP^L¬]_NXWqukbC]mHOLyJcPvJMNQP^o�]�HKbMLO]_N8STwn]_bcbGu2L`P^[TJ�WXJMSRi­�8Ñ�oe�
HO]_Nq�kSTL¯PRikL¬PRoeu8omYxP^iXL�u}LKP^[TJjWkJMSTiÃhjikJcHaiÃh�]_SvP^]_u2LKWÃPRo�P^iXL
HKLObcb�P^o_u-� � LOu}L�]mPrP^ikJcSxuk[ToIHKLOSTS��kNQP^JMb"feo_��i1]�deL5[Toe�kteikb�f ¶p·e· PRo
Ý ·e· PRLO[TwvJ�P^LOSK���òY9feo_��i1]�deLl]?SRH�]mbML�]�d_]mJMbC]m|kbMLm{k]_|}oe�XP ¶ te[^]_w o_Y
PRLO[TwvJ�P^LOSGJcS²P^ikL HKoe[R[TLOHKPx]_w�oe�kNQP��

|­�xÎBHKH�]_STJMoeN1]mbMbcf_{9ukJcLOHKLOS5o_Y�h�o�oIW�hjJMbMb�LKNkW��ku)JcN�P^iXLZu2L`P^[TJVWkJcSRi-�
�¯]_´_L�SR�k[TL�PRi1]mPGPRikL ukJMLKHOLOS�]_[TL [RLOw�opdeLKW�|}LKY\oe[TL�uk[Ro�HOLKLOWkJcNktk�

Hm�(Ò4oe�k[�P^ikLjP^LK[Rw�JcPRLOS�JMNQPRo�u}LKPR[RJ&WkJcSRi?Pa]_u}LOW?P^o�HOLKbMb&]_NkW�HOopd_LO[�P^ikJcS
u}LKPR[RJ}WkJMSTi-� � ikLKN>wvoeSgP�omY-P^ikL�P^LK[Rw�JcP^LKSVik]pd_LBLONQPRLO[RLKW>P^ikLrHOLObcbÖ{
f_oe�<H�]_NÒuk�kSRi�PRikLZSTPR[^]_t_tebMLK[RS~opd_LO[5P^iXLZLOWkt_L>]_NkW)[TLOw�opdeLZP^iXL
u}LKPR[RJ#WkJcSRi-�
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¸ ��Ó�LOLKu�PRikLvHKLObcb�JMN�]yh�]_[Tw |k�XPlNko_P�iko_P�ukbM]_HOLm{�]mNkWÒNkomPlJcN�P^ikL�SR�kN­�
®4LO[TwvJ�P^LOS9]_[RLVNkL�]m[Rbcf |XbMJMNXW-{_SToBbMJcteiQP�STikoe�kbcWkN�ô P�WkJcSTPR�k[R|~PRikLOJc[�]_H`P^J�dIJ�P�fe�
��o+hVLKd_LO[K{"PRikLKf¯WkLKiEf�Wk[R]mP^L�d_LO[Tf�L�]_STJMb�fe{2]_NkW/P^iXLKf�]m[RL~LO]_SRJcbcf¬HOo�oe´mLOW
JcN¯]�SgP^[Ro_NktebcfnJMbcbM�kw�JMN1]ÓP^LOWvHOLKbMbÖ�

¶p· �j��Y.P^LO[r]_|}oe�XPx]vW1]�f_{­w�oeSTPro_Y�PRikL�PRLO[TwvJ�P^LOS�i1]�deL~WkLOSTHOLONXWkLOW�JMNQPRovP^iXL
W1]mwvu�SR]_NkW-�¹Ó�JcHa´¯P^iXL�STP^[R]_tetebcLO[TS�o+d_LO[�P^iXL�LOWkteLm{"[RLOw�opdeL5PRikL?u2L`P^[RJ
WkJcSRi-{k]_NkW¬HOopdeLK[�hjJ�P^i>Pa]_u}L_�

¶e¶ �j�òP Pa]m´_LOS�oeNkL?P^oyP^iX[RLOL�W1]�f�S�Y\o_[BP^ikL�u1]mPTP^LO[TN�PRo¯WXLKdeLKbMoeu­�n®�]_´_L?Y\[RL°�
�E�kLKNEP�uXJMHKPR�k[RLKS�]mP9[RLOt_�kbC]_[4JMNQPRLO[Tdm]_bcSO���òY&u2oeSTSRJc|kbMLm{_�kSTLj]rd�JMWkLKo�H�]_w�LO[R]
PRoZte[^]m|�JMwv]_teLOSK�B�xb�P^LK[RN1]mPRJcd_LObcf_{2PR[^]_HKL~P^ikL~WkLKd_LObMo_ukJMNkt>uk]mPRPRLO[RN�]mS�]
Y\�kNXHKP^JcoeN>o_Y#PRJMw�LxoeN¬]5ukJcLOHOLxo_Y4u1]_u}LO[O{Xoe[²SRHO]_N>P^ikLxu1]mPRPRLO[TN¬JcNQP^o5P^iXL
HKoewvuX�XP^LK[O�~��N�]_NQf�HO]_SRLm{#´_LKLOuÒ[TLOHKoe[RWkS o_Y�PRikL�opdeLO[R]_bMb9[^]_WkJc�kSBo_Y�P^iXL
te[TophjJMNkt?u1]mPTP^LK[RN¯]_Sj]?Y\�XNkHKPRJMoeNyo_Y4P^JcwvLm�

¶ ÝI� � ]mP^HaiyP^iXL�PRLO[Rw�JcPRLOSGHO]_[RL`Y\�kbMb�fe��®�LK[Rw�JcPRL�SRo�HOJML`P�f>JMSjWkJ�d�JMWkLKW¬JcNQP^o?WkJcYC�
Y\LK[RLONQP HKbC]_STSRLOS�o_[BH�]_SgP^LKSO�?±²]_N/f_oe��WkJMSgP^JcNkte�kJcSRi�PRikL�WkJcµ2LO[TLONQP H�]mSTP^LKS
]_NXWvP^iXL�P^]_SR´ES�L�]_HaiZHO]_STPRLrHO]_[R[TJMLKSVoe�IP°����ophÜWkolPRikLKf?HKoew�w5�kNkJcH�]mPRLp�
��o+hÚWkoZPRikLKf�wn]_´mL~P^iXL5P^�kNkNXLObMS^� � onP^ikLKJM[xPR�kNkNkLKbMSBJcNQP^LO[TSRLKHKP�hjJcPRi
oeNXLl]mNko_P^iXLO[a� � i1]mP�´mLOLOuXSrP^iXLlSR]_NkWyY\[Roew HKoebMbM]_ukSTJMNkt�JcNEPRo�PRikL�P^�kN��
NkLKbMS^� � o~feo_�¬STLOL ]_NQfnuk[RL`Y\LO[R[TLOWyWkJc[RLOH`P^JcoeNkS�PRo5P^ikLKJM[²]mHKP^J�d�JcP�fX�¯�òY4SRok{
HO]_N¬f_oe�¬[RL�]mSRoeNyhjiQf>P^ikL`f>i1]�deL�SRLKbMLOH`P^LKW¯P^iXLOSRL�WkJc[RLOH`P^JcoeNkSa�

Ñ�oe�¬SRikoe�XbMWy[RLKwvopdeL P^iXL PRLO[TwvJ�P^LOSVY\[Roew�PRikL HOLKbMb-J�YÉz
þ ®GikL`fnik]pd_LB[RLO]_HaikLKWZP^ikLrLOWkteLro_Y-PRikLxSR]_NkWy]_NkWn]_uku}L�]_[�P^oli1]�deLBHKoew?�ukbcLKPRLOW¬]�u1]mPRPRLO[TN-�rÏ�LromP^L_z�Îxd_LO[jbMoeNXteLO[Gu}LO[TJMo�WkS²o_Y4P^JcwvLxPRikL u1]mPTP^LO[TN
wv]�fZHai1]_NXteL�Y\�X[TP^iXLO[O�ÞÐ`�

þ L�ovSTJMteNkJ�U1H�]mNEP�u1]ÓPRP^LK[RN¬h²]_S�HO[TL�]mPRLOW�]ÓY.P^LO[GPRikL�Uk[RSTP�hVLOLO´�Ï.d_]m[RJMLKSj|EfHKoebMoeNQfXÐ`�
þ ®GikL SR]_NkW�JcNZP^ikL HKLObMb"]muku2LO]_[RSGPRo�|}L L`³IHOLKSRSTJcdeLKbcf¬Wk[gfe�
¶ ��J�NkSRHK[RLKhý]_NXWq[RLKwvopdeL¬P^ikL¬P^oeuÃukbC]ÓP^L¬o_YxPRikL�HKLObMbÕ�Ü�xbcwvoeSgPv]_bMbGP^iXL
PRLO[Rw�JcPRLOSGhjJMbcb-[RLKwn]mJMN¬oeN¬PRikL�S^]_NkW­��Ñ�oe��w�JMteiQPGU1NXW¯P^ik]mPxSToew�L hjJcbMb
SgP^JMHa´?P^o5PRikLxPRoeu>ukbC]ÓP^L_�9�òY#P^ikJcS²JMS�P^ikLBHO]_SRLm{1JMNQdeLK[TP²PRikLxPRoeu>ukbC]ÓP^LB]mNkW
STLKPjJcPG]_SRJcWkL_�9Ñ�oe�X[Gwn]_JcNZHOo_NkHOLK[RN¬JMS�PRikL�bC]_[TteLBwv]_SRSGomY4PRLO[TwvJ�P^LOS�STP^JcbMb
JcNyPRikL S^]_NXW-�
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ÝI�j®GikLGSR]_NkW�STikoe�kbcW�STP^JcbMbE|}L²SR����HKJMLONQPRbcf5w�oeJcSTP4P^o�|}LG]_|kbcLVP^oxJMNkHKbMJMNXLVP^iXL
|}o_PRPRoew	ukbC]mPRLVhjJ�P^ikoe�IP�P^ikLGSR]_NkW?[R�XNkNkJMNXtBo_µ��9�òY}feoe�?JMNXHObMJcNkL�P^ikLG|}o_PT�
PRoew�ukbM]mP^LrdeLO[gP^JcH�]_bcbcfe{�P^ikLBPRLO[TwvJ�P^LOSVhjJMbMb}Ys]_bMb2oe�XPGomY�PRikL�HOLKbMbÖ� � o5P^ikJcS
opdeLK[BP^ikLlh�o�oIW Ê WkJM[gPxhjikLK[RL5f_oe��wn]mJMNQPa]_JcN¯f_oe�k[BHKoebMoeNQf¯o_Y�P^LK[Rw�JcP^LKSO�
®GikL�Y\L`hÊP^LK[Rw�JcP^LKS²[RLKwn]mJMNkJcNkt�H�]_N¬|}L�[RLOw�opdeLKW¯hjJcPRi>Y\oe[RHKLOukSK�

ðX�j��Y.P^LO[rP^ikL5PRLO[Rw�JcPRLOSBJcN�P^iXL�|2o_PTP^oew ukbM]mP^L~]_[RL5[TLOw�opdeLOW­{4[TLOw�opdeL5P^iXL
PRLO[Rw�JcPRLOSGoeN>PRikL�P^oeu¬ukbC]ÓP^L_�

� �r±�bcL�]_N¬P^ikL�|2omPRP^o_w�]_NkW¯PRoeu�uXbC]mPRLOSO�jïVLKY\oe[TL~�kSTJMNkt�P^ikL�ukbC]ÓP^LOSr]_tQ]mJMN-{
bcLKP?P^ikLKw Wk[Tf�Y\o_[nÝ � iko_�k[RSK�8®GikL¯ukbC]_SgP^JcH>ukbC]mPRLOS�]_|kSToe[R|Ãwvo_JMSTPR�k[RL
Y\[Toew PRikL�S^]mNkW-{"]_NkW�h�]_[Ru�STbMJMt_iEPRbcfyhjikLKN�PRikLKf/]_[RL�STLOu1]m[^]mPRLOW-�l®GikL
ukbM]_STPRJMHBw~�kSTP�|}Ll]mbMbMophVLOW>P^o�PRikoe[Ro_�kteikb�fZWk[gfe�

�úi¼¿�i7Ý�k#i-y���m*{1m

�9JMt_�k[RL�ØI� ¶p· z��ÊP�f�ukJcH�]_b-PRLO[TwvJ�P^LBHKoebMoeNQfy]ÓY.P^LO[GSTLKd_LO[^]mb�W1]�f�Sjte[RophGPRi-�
¶ �²Ñ�oe�X[?]_N1]_b�fISTJMS5STikoe�kbcW<HOoew�LZY\[Roew feoe�X[�o_|kSRLK[Tdm]mP^JcoeNkS?]_S�STikophjN8JcN
�9Jcte�k[TLZØI� ¶p· � � o¯PRikLvPRLO[TwvJ�P^LOS�HOo_wvw5�XNkJMHO]mP^L�� � o¬feoe�)PRikJMNX´/P^ikJcS
]mµ2LOH`P^S�P^iXLOJM[BPR�kNkNkLKbMJcNktE� � o>f_oe��STLOL�LKd�JMWXLONkHKL�PRi1]mP bC]ÓP^LO[BPRLO[TwvJ�P^LOS
Y\oebcbMoph	]yu1]mP^i�o_YVo�Wkoe[RS�ÏKìTukikLK[Roew�oeNkLKSRíEÐxbM]_JMW�WXo+hjN�|Qf�L�]m[RbMJcLO[xPRLO[É�
w�JcPRLOSa�
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ÝI�j��SBPRikL5u1]mPTP^LK[RN�[^]_NXWkoewn��P^ikL~uk[Ro�Wk�kH`P o_Y�]ZWkJcµ2�kSTJMoeN/uX[Ro�HOLOSTSa�Ü�x[TL
PRikL�PRLO[Rw�JcPRLOS¬LKµ2LOH`P^Jcd_LOb�f¨|k]_bMbcJMSTPRJMH�GëWko�P^iXLKfüwvopd_L)]_bcoeNktq]�SRJcNktebML
SgP^[^]mJMteiQP�bcJMNkL�����S�JcP�NkLKHOLKSRS^]m[Tf�Y\oe[~PRikLOw P^o�STL�]_[THaiÃL`deLO[gf�ukbM]_HOL>JcN
PRikL HOLObcb.�

ðX�rFI�Xuku2o_SRLvPRikL?P^LO[TwvJ�P^LKSlw�opdeL�bMJM´mLv[R]_NkWko_wvb�fE�Öh²]mbM´EJMNkt>w�oebcLOHO�XbMLOSK�Z�òY
PRikL�]�deLO[R]_teL�[^]_WXJM�kS-omYIPRikL�Y\oe[^]_t_JMNkt²uk]mPRPRLO[RN te[TophjS"PRoGP^LON HKLONQP^JcwvL`P^LO[TS
JcN¬o_NkLlWk]pf_{&ikoph�bMoeNXt?hVoe�kbcW¬f_oe��L°³Iu2LKHKPrJcPGP^o?Pa]m´_L Y\oe[GP^ikL�u1]mPTP^LO[TN
PRolte[TophqP^o~]�[R]_WkJM�XS�omY4Ý · HOLONQPRJMw�LKP^LK[RS^�¬®²hjJMHKLB]_S�bMo_NktE���&o_�k[�P^JMw�LOS
]_SjbcoeNktE� � o?f_oe�k[joe|kSTLO[gd_]ÓP^JMo_NkSGwn]ÓP^Haiyfeoe�k[juk[TLOWkJcHKPRJMoeN&�

� ��J�SRJMNXtrfeo_�k[�SRHO]_NkNkLKW�oe["dIJcWkLOoÓ��H�]muXP^�k[TLOW5Jcwn]mteLOSK{mw�L�]_ST�k[RL�P^ikL�Y\[^]_H`Pa]_b
WkJcwvLKNkSRJcoeNëo_Y5PRikL�uk]mPRPRLO[RNÔ]mP¯WkJcµ2LO[TLONQP¯PRJMw�LOSK�ü�1oebMbcophýPRikL�SR]_w�L
SgP^LOuXSBfeoe���kSTLOW�JMN�±�ik]_uXP^LK[ ðZ|Qf�U1[TSTP�P^�X[RNkJcNktnfeo_�k[BJMwv]_teLlJMNQP^oZ]_N
WkJcteJcP^]_b4JMwv]_teL~U1bcL�]_NkW�P^iXLON�U1NkW�P^ikL?WkJcwvLKNkSRJcoeN/hjJcPRi�P^ikLM�#â+äS�_åpäS�
�yæ��Òã�è � æ\ç}è�uk[Toete[R]_w¯�
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Ò�bC]_NQP�[Ro�o_PRSl]m[RL?HObM]_SRSTJMH�L`³X]_w�ukbcLOS�o_Y�uXbC]_NQP�bMJ�Y\L_����deLO[gf�ukbC]_NQP i1]mS~]ySR�k|��
w�LO[Rt_LOW�|k[R]_NkHaikJcNkt/STf�SgP^LOw WkLOSTJMteNkLKW�P^o/ST�kuku}oe[TP�J�P^SlbMJcY\L�Y\�kNkH`P^JMo_NkSO��ï��IP
hjiQf�Wko¯[ToIomP^S�|k[R]_NkHai&���xNkW�hjiQf�Wko¬PRikLKf�|X[^]_NkHaiÒ]mP�SRo¯wn]_NQf�WXJcµ2LO[RLKNQP
bML`deLKbMSO{�P^i1]mP~JMSK{9hjiQf�]_[TLvP^iXLO[RLn|k[^]_NXHaikLOS�o_Y²|k[^]_NXHaikLOS^� ��S~P^iXJMSlPRikLZw�oeSTP
LQ��HKJMLONQP�w�LKP^iXoIW>Y\oe[j]?ukbC]mNEPGPRo?oe|XPa]mJMN>NE�XP^[TJcPRJMoeN&�

× ØI� ¸ z ±²]_N�feoe��P^ikJcNk´/o_Y�[RL�]mSRoeNkS�Y\oe[�P^ikLvSRJcw?�
JMbM]_[RJ�P�f�|2L`P�h�LKLON8PRikL¯|X[^]_NkHaiXJMNkt�u1]mPTP^LK[RN�o_YB[ToIo_P
STf�SgP^LOw�Sv]_NkW<P^ikL¬u1]mPTP^LO[TNkS?HOoeNQPR[RoebcbMLOW<|Qf<WkJ�µ­�I�
SRJcoeNyuk[Ro�HOLKSRSTLOSa�

� o�o_P¬te[To+hGPRiÔo�HOHK�k[RS¬|Qf¨LKbMoeNXtQ]mP^JcoeNÜo_Y5PRikL�[Ro�o_PyP^JMu­��±�LObcbMSyJMNëP^iXL
te[To+hjJcNkt�[Ro�o_PGWXJcd�JMWkLxJMNy]�[RLKteJMoeN>omY4PRJMSTSR�kL�´ENkophjN¯]_S²P^ikL w�LO[TJMSTPRLOw ]mPGP^iXL
JMNQPRLO[RJcoe[�o_Y"P^ikLB[ToIomP��-¢�[RophGP^i>|}LOt_JMNkSG]mS²SRo�oeNy]_S�PRikLBSTLOLOWXbMJMNXt�teLO[TwvJcN1]mP^LKSO�
®GikLG[ToIo_P4P^ik]mP�]_uku}L�]m[RS9Y\[Toew�P^ikL²STLOLKWkbMJcNktBoe[�LKw5|k[gfeoeNkJcH²ukbM]_NQP�JMS�´ENkophjNv]mS
P^iXL�ú}ø.� ÿ õ_ø°ù5ø ��� ÷Õ�-��o+hVLKd_LO[K{1JcY-f_oe�Zi1]�deLxLKdeLK[²Nko_PRJMHKLOW>]~uXbC]_NQPVoe[VSTLOLKWkbMJcNkt]mY.PRLO[�]�Y\LKh<h�LKLO´ESO{QPRikLO[TL²JMS�wvoe[TL�PRi1]_N�oeNXLVdeLK[TPRJMH�]mbX[Ro�o_P��mP^iXLOSRLGomP^ikLK[9[Ro�o_PRS
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]_[TLlHO]_bMbcLOWF��� ��� ö,AQõ_ø`ù�ø ��� ÷��`{}]_NXW/|k[^]mNkHai¯Y\[Toew P^ikL�oe[TJMteJcN1]_b-uk[TJMwv]_[TfZ[Ro�o_P��
ï��XPV[Ro�o_PRS�WXolNkomP²]_bcbkte[To+hqSTP^[R]_JMt_iEP�JcNv] deLK[TP^JcH�]_b1WXJM[RLKHKPRJMoeN��Ewv]_NQf?u1]_[gP^S�o_Y
P^iXL�[ToIomP�L`³�P^LKNkW�SRJMWXLKhjJMSTL�Y\[Roew P^ikL�uk[TJMwv]_[Tf¯oe[�STLOHOo_NkW1]_[gf�[Ro�o_P^SK�5®GikLKSRL
[Ro�o_PRSG]_[RL�´ENkophjN�]_S�û�õ_÷1�`øTõ_û-ø ��� ÷_��]_NkWyoe[RJcteJMNk]mP^L�Y\[Roew P^ikL�SR]_wvLBPRJMSTSR�kLKSr]mSP^iXL�uX[RJMwv]_[gfn[ToIo_PO�

��]_NQf�Ys]_H`P^oe[TS�]mµ­LKHKP�PRikLjte[RophGP^i?o_Y2ukbM]_NQP�[Ro�o_P^SK��ÎxY­uk]_[TPRJMHO�XbC]_[�JMNQP^LK[RLOSgP
JMSGPRikLl[TLOSTJMSTP^]_NkHKL~Wk�kL P^o?P^iXLlukiQf�SRJcH�]_b4|1]_[T[RJcLO[jo_Y9PRikL�SRoeJcbÖ�cÒ�[Toeu}LO[TPRJMLKSrbcJM´_L
P^iXLGHOoew�u1]_H`P^NkLKSRS�o_Y&P^iXLGSRoeJcbIHO]_N�]_bcPRLO[9[ToIomP�te[To+hGPRi-�8�1oe[�L`³X]_w�ukbMLm{QJMN5HKoew?�
u1]_H`P�SToeJMbcSO{+P^ikLVSRu1]_HKLOS�|}LKP�hVLOLKN?SRoeJcb�uk]_[TPRJMHObcLOSK{_]_[TL�[TLOWk�kHKLOW�JcN~|}o_P^i5NE�kw~|2LK[
]_NkWÒSRJMÛKL_�/®GiXLZSRu1]mHOLZSTJMÛOLvJMSl�kSR�1]mbMbcf�[TLKY\LK[R[RLKW)P^o�]mSlú � øB�M���¸]4�`�¯®�o¯Y\oe[RHKLP^iXLOJM[-h�]�f P^ik[Toe�ktei�HOoew�u1]_H`P"SRoeJcbÖ{+[Ro�o_PRS-P^ikJcHa´_LON~]_NkW P^ikLKJM["[^]ÓP^L�o_YIte[RophGP^i>G
LObcoeNktQ]ÓP^JMo_N�GëWkLKHO[TL�]_STLOSO��®GiXLOJM[�|k[^]_NXHaikJMNkt�uk]mPRPRLO[RNXSG|2LKHOoew�L�wvo�WkJ�U1LOW>]mNkW
o_Y.PRLONyP^ikLK[RLl]_uku}L�]_[TS�PRov|}L�]_N�JcNkHO[TL�]_STL�JcN¯bM]mP^LK[^]_b­[Ro�o_P�te[RophGP^i­�BÏ\®GikL~bM]mPT�
LO[R]_b�[Ro�o_P^Sv]_[RL¯o_Y.P^LKNqSRwv]_bcbMLO[?JcN8WkJM]_wvL`P^LK[?PRi1]_N8PRikL�uX[RJMwv]_[gf<[Ro�o_P�{G]mNkW
]_[TL~|}LKPRPRLO[x]_|kbML P^ovte[Roph�PRik[Roe�Xtei¯PRJMteiQP^LK[ru}oe[TLOSO�ÞÐ¬®GiXLO[RL~JMS�w5�kHai/HKoeNQP^[RoÓ�
deLK[RSgf<]_|}oe�XP5PRikLZdm]_[RJcLKP�f)omYrw�LOHaik]_NkJMSTwvS~ukbC]_NQPRS5WkLKd_LObcoeuÃJcN)[RLKSRu}oeNkSTLyPRo
SRo_JMb-[TLOSRJcSTP^]_NkHOLm�

× ØI� ¶p· z ±�oew�u1]_[TLv[ToIo_P�te[TophGP^i�]_NXWÒ|k[R]_NkHaikJcNkt
P^o�PRikL te[RophGP^i¯]_NkW¬|k[R]_NkHaikJcNkt?o_Y9d�JMSTHOoe�XSjUkNkteLO[TS
JMN�P^ikLã�rLObcL`�ÉFIi1]�h�L`³Iu}LO[RJcwvLKNQPZo_Y\�r]_NkWkS^Î�N ¶ Ø
]_NkW0�x]_NXWkSaÎBN ¶ ®eÐ`� � ovPRikL~[TL�]_SToeNkS�Y\oe[j|k[^]_NXHaiI�
JMNXt�omY­d�JMSTHOoe�kS�U1Nkt_LO[RSV]_ukuXbcf?]_bcSRo�P^o�[Ro�o_PRSa� � oILKS
P^iXL>bMJcd�JcNkt�[ToIo_P5STf�STPRLOw i1]�d_L¯]ëìguk�k[Ru}oeSTLOí�P^i1]ÓP
d�JMSTHOoe�kS5UkNkteLO[TS�WkoeN�ô P�i1]�d_Lp� � oILKS5[^]mNkWkoew�NkLOSTS
ukbM]pfZ]�uk]_[TPjJcN¬|}o_PRi&�

��]_NQf�o_PRikLO[ LONQd�JM[ToeNkw�LONQPa]mb�d_]m[RJC]m|kbMLKS�]mµ2LOHKP�[ToIo_P t_[RophGP^i-�?��N�u2o�oe[Tbcf
]_LK[^]mPRLOW/SToebM�XPRJMoeNXSO{}[Ro�o_P^SjP^LKNkW/P^ovte[RophÙSTPR[^]_JcteiQP^LK[O{­STikoe[gP^LO[x]_NkW�PRoZteLKNkLO[É�
]mPRL>wvoe[TL>bC]mPRLO[R]_b²[Ro�o_PRSO�)��N�HOoe[TNÃuXbC]_NQP^SK{VbcJMteiQP?]mbMSRo�]mbcP^LK[RS�[ToIo_P?t_[RophGP^i-�
®�fIuXJMH�]mbMbcf_{"|kbM�kL�bMJcteiQP JMNkiXJM|kJ�P^S�HOLKbMb�LKbMoeNkte]mP^JcoeN�]_NkW�w5�kbcPRJMukbcJMHO]mP^JcoeN-{2hjiXJMbML
[RLKW¯bcJMteiQPGJcNkikJc|kJcPRS²oeNkb�fZHOLKbMb-LKbMoeNXtQ]mP^JcoeN-�
��N<H�]_[T[Tf�JMNkt�oe�XP5PRikLZL`³Iu}LO[TJMw�LONQP^S�WkLKSRHK[RJM|}LOW<|}LObco+h {�f_oe�<ukbC]�f�WkL`P^LOH°�

P^J�deL>]mNkWÒP^[gf�PRo/�kNkWXLO[RSgPa]_NXW�SToew�LZo_YGP^iXLnYs]_HKPRoe[RS�P^i1]ÓP�teJcd_Ln[TJMSRLvP^o/[ToIo_P
STPR[R�kH`P^�k[TL_��Ñ�oe�)HO]_N��kSRLZhjik]mP5feo_��bcL�]_[TNkLOWÒL�]_[TbMJMLK[5]_|}oe�XP~WkJcµ2�kSTJMoeN�]mNkW
|k[R]_NkHaikJcNkt>JMN/NXoeNI��bcJcd�JMNXtvSgfISgP^LKwvSK�5FIJcwvJcbC]_[G|X[^]_NkHaiXJMNkt>SgP^[R�XHKP^�X[RLOS�]_[TL5oe|I�
SRLK[Td_LOWëJMNÃSRNkophGÌ&]_´mLOSy]_NXWqWk�k[TJMNkt�HO[Tf�SgPa]_bcbMJMÛO]mP^JcoeN<o_Y�w�JMNkLK[^]_bcSO�Ü��NqLO]_Hai
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H�]mSRL�J�PnJcSn]�WkJcµ2�kSTJMoeNÃuk[Ro�HOLKSRSvPRi1]mPnHOoeNQP^[ToebMS?P^iXL�[^]ÓP^L¯]mPnhjikJcHaiqte[To+hGPRi
o�HOHO�X[RSO�v®GikL�|k[^]_NXHaikJMNkt¬u1]mPTP^LK[RN�]_uku1]_[TLONQP^b�f�[RLKSR�kb�P^S Y\[Roew P^ikJcS WkJcµ2�kSRJcoeN-�
�1oe[jte[RophjJcNktvHK[Tf�STP^]_bMSK{&wvJcNkLO[R]_bMSGWkJ�µ­�XSRL�P^oph�]_[RW�PRikL�te[RophjJMNXt�ST�k[TYs]mHOL_�w�1oe[
SRNXo+hGÌ1]_´_L5t_[RophGP^i-{}ikLO]mPxJcSj[RLObcL�]_STLOW�]_S�PRikL~JcHOL�Y\oe[TwvS�]_NkW¬P^ikJcSriXL�]mPrw5�kSgP
WkJ�µ­�kSTL�]ph�]�f?Y\[Roew	P^ikL�te[RophjJcNkt SR�k[gYs]_HOLm�-�&o_[�[Ro�o_P�te[RophGP^i­{�NE�XPR[RJcLONQP^S�w5�kSgP
WkJ�µ­�kSTL²P^oph�]_[RW�P^iXL�t_[RophjJMNkt�[ToIomP��4®GikJMS�WkJ�µ­�XSRJMo_N5Pa]_´mLOS�ukbC]mHOLGJMN?]BSToebM�IP^JMo_N
Y\oe[GiQf�Wk[Ro_u2oeNXJMH te[RophGPRi)Ï\te[RophGP^iyJcNyY\LK[TPRJMbMJcÛOLKW>bMJM�E�kJcWkSaÐ°{k]_NXW¯JcNyPRikL SRoeJcbÖ�
�òP?JMS5WXJ���HO�kb�P~PRo�teo�oe�XP?JcNEPRo�P^iXLZU1LObcW)P^o�Wko�L`³Iu}LO[TJMw�LONQP^S�oeN�[ToIomP^SO{

|}LOH�]m�kSRL�hjikLONvukbC]_NQP�[Ro�o_PRS�]_[RL�[RLKwvopdeLKWvY\[Toew�P^iXL�SToeJMbkPRikLKf�]m[RLjWkJMST[R�kuIP^LOW­�
ÎBNkLZSToebM�XPRJMoeN�P^o¯P^ikJcS~uk[Toe|kbMLKw JMS5]mWkoeuXPRLOW�JMN�P^ikLnL`³Iu2LK[RJcwvLKNEP~WkLOSTHO[TJM|}LOW
|}LObMoph z�PRoÒ�kSTL/]�ø 
 �¸] � ÷sø � ö1{²]�HObMLO]_[g�Öh²]mbMbMLKWÃHaik]_w5|}LO[?P^ik[Toe�ktei8hjiXJMHaiÃPRooe|kSTLO[gdeL�[Ro�o_P^S�]_S²PRikLKfyte[Toph �
hji-k#lHm,nok ø<D/sæ½û�H{|y|l¶{|k#~ ié� �H{FECv8¿*�Svck�i-k#lqÁ�xz�107{|k#i¼¿
G
{|k#~ ��xÀxÀlHm
�Í[RiXJMÛOomP^[Ro_N�JMS ]>HObcL�]_[É�òh�]_bMbcLOW/Hai1]mw5|2LK[�P^ik[Toe�ktei�hjikJcHai�o_NkL?H�]_N�oe|kSTLO[gdeL
[Ro�o_PRS�]mS4PRikLKf te[Toph �N�rLK[RL�h�L�WkLKSRHO[TJM|}L�P�hVoB]mbcP^LK[RN1]ÓP^Jcd_L�wvL`P^iko�WkS#Y\oe["STPR�kWXfQ�
JMNXtG[Ro�o_P#te[To+hGPRi�hjJ�P^i SRJcwvuXbML9[TikJMÛKo_P^[ToeNkSK�N�¯L`P^iko�W ¶ JMNQdeoeb�deLKS"PRikL��kSRL�o_Y�P^iXL
[RiXJMÛOomP^[Ro_N/hjJcP^i�]ZSgPa]_teNk]_NQPlSToebM�IP^JMo_N/SR�kHaiÒ]_SBh�]mP^LK[�o_[BNE�XP^[TJMLONQP�w�J�³�P^�k[TL_�
�¯L`P^iko�W�Ý�JcNQdeoeb�deLOS�P^ikLl�kSRLlo_Y�PRikL~[TikJMÛKo_P^[ToeN�JcN/]�PR�k|�omY�SRoebc�XP^JcoeNyhjJcP^i�]
U1STi�P^]_Nk´�]_LK[^]mPRoe[�uk[To+d�JcWkJMNkt>o�³�f�teLON�P^o>P^iXL�SToebM�IP^JMo_N-��FIL`deLK[^]_b�dm]_[RJM]mP^JcoeNkS
JMNvP^ikLrHOoeNkHKLONQP^[R]mP^JcoeN>o_Y#NE�XPR[RJcLONQPGSRo_bM�XPRJMoeNn]_[RLru2oeSTSRJc|kbMLrJMNnu}LO[gY\oe[Rw�JMNXtlP^iXL
[Ro�o_Pjte[TophGP^i¬L`³Iu2LK[RJcwvLKNEPO�
��N�]_WkWkJ�P^JMo_N~P^o�P^iXLGwn]mPRLO[TJC]_bcS�NkLKLOWkLKWvPRo�|k�kJMbcW~P^iXL�[TikJMÛKo_P^[ToeN�JcPRSRLKbcYÉ{mf_oe�

hjJMbcb­NkLKLOW¬P^ikL�Y\oebcbMophjJMNkt~wn]mPRLO[TJC]_bcSOz
þ u}LKPR[RJ#WkJcSRi
þ U1b�P^LK[Gu1]_u}LO[joe[Gu1]_u}LO[GPRo+hVLOb
þ FILKLOWkS~Ïsu}L�]mSO{1SR�E�1]mSRi-{&SR�XNXÌ1oph�LK[RSK{­LKPRH_�ÞÐ
þ L��XP^[TJMLONQPjSToebM�XPRJMoeN
®GikL¬SRLOLKWkS�w5�kSTP?|}LyteLO[TwvJcN1]mPRLOW�|}LKY\oe[TLZP^ikL`f<]_[RLyukbM]_HOLKW<JMN�P^ikL>[TikJ��

ÛOomP^[Ro_N-�£¢ LK[Rw�JMN1]ÓP^JMo_N>]_bMbcophjS²P^ikL SRLKLOWkSjP^o?te[Toph�]�bC]_[TteLBLKNkoe�ktei¬[Ro�o_PjSgfISÉ�
P^LKw�SToyPRi1]mPBPRikLKf�H�]_N�|}L�SR�kuXu2oe[gP^LKW�|Qf¯P^ikL5PRoeu�LOWkt_LOS o_Y�P^ikL�[TikJMÛKo_P^[ToeN-�
ÎxP^ikLK[ThjJcSRL_{kPRikL SRLKLOWkSx]_[RLBPRoIo?SRwv]_bcb2P^o?ukbM]_HOL oeN>PRikL [RikJcÛOo_PR[RoeN-�
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¶ �rFIoe]_´>]5Y\LKhÔSRikLKLKP^S�o_Y�u1]_u}LO[GP^ophVLOb"oe[²U1b�P^LK[Gu1]_u}LO[jJMN>h�]mP^LK[O�
ÝI��Ò�bC]mHOL?SRoew�L?o_Y�PRikL?h�L`P5SRiXLOLKPRS~o_Y�u1]_u}LO[�P^ophVLOb�JMN�P^iXLv|}o_PRPRoew�o_Y²]
u}LKPR[RJ#WkJcSRi-{1]mNkW¯uXbC]_HKLBP^ikL SRLKLOWkSroeN>P^oeuyo_Y�P^ikJcSO�

ðX�r±�opdeLK[GP^ikL�STLOLOWXSjhjJ�P^iyw�oe[RLxhVLKPjuk]_u2LK[²P^ophVLObÖ{k]_NkWyuk�XP²PRikL�HOopd_LO[jo_Y
PRikLru}LKPR[RJ&WkJcSRi�oeN-��F�PRoe[RL�JMNv]�h²]_[Tw¯{EW1]m[R´�ukbM]_HOLm�jÏ�Ò�bC]mHOJMNXt PRikL�u2L`P^[RJ
WkJcSRi�JcN�]Z|kbC]_Ha´¬tQ]_[T|1]_teL~|1]_tZP^o>JcNkSR�XbC]mPRL~JcPrY\[Roew ikLO]mP�]_NkW�´mLOLOu�JcP
oe�IPjo_Y�PRikL bMJcteiQP²h�o_[R´ESO�ÞÐ

� �rÎBN¬]�Wk]_JMb�fn|1]mSRJMSK{1wvo_JMSTPRLONZPRikL SRLOLKWkSB]mNkWyu1]_u}LO[GhjJcPRiyh�]mPRLO[O�
ØI�j®GikL�SRLOLKWkSZSTikoe�kbcWq|2L�]_bMbcoph�LKW8P^o�teLO[TwvJcN1]mP^L¬�kNQP^JcbGP^ikL`fq]_[TL�bM]_[RteL
LKNkoe�kteiÃP^o)STJcP>]ÓPvPRikL�P^o_uqo_YBPRikL/[RiXJMÛOomP^[Ro_NÃY\[^]mwvLm{²SR�kuXu2oe[gP^LKWÜ|Ef
PRikLnukbM]_STPRJMH?SRJcWkLOSK�¯®GiXLZ]�deLK[^]_teLvteLO[TwvJcN1]mPRJMoeN�P^JcwvLKS�Y\o_[lHKoewvw�oeNkb�f
�kSTLOWÃSRLOLKWkS>]_[TL_z�Ò�LO]_S1Gëð�W1]�f�SO{Gï�]_[RbcLKf�G � W1]�f�SO{Gï�LO]_NkS2G � Wk]pf�SK{
]_NXW¯®4oewv]mP^o�LOS2G¨Ø~W1]�f�SO�

â�ãQå Í ç�äIHdÑKJZç­ç&å�LZâÓç
M?å Í æsèON­å�äká}è4ä1è}åPN­ç,��Ð#å+æ\ç2è
¶ �(�¯J ³�]¬Ý · �ÉÝ · �ÉÝ · SRo_bM�XPRJMoeN�o_Y5ìIÒ4LKP^LK[�ô S\Ò�[To_Y\LOSTSRJcoeN1]_b-�1LO[gP^JcbMJMÛKLO[K�ñíj�1oe[
PRikJMSVHOoeNkHKLONQP^[R]mP^JcoeNZ�kSTL ¶ P^]_|kbcLOSRu}o�oeNvY\LK[TP^JcbMJcÛOLO[�hjJ�P^i ¶ te]_bMbcoeN?o_Y#h²]+�
PRLO[O�

ÝI���9JcbMb­PRikL~[TikJMÛKo_P^[ToeN¯hjJ�P^i¬P^ikLlN��IP^[RJcLONQPBSToebM�IP^JMo_N¯STovP^ik]mPxPRikLlSToebM�IP^JMo_N
[TL�]_HaikLKS�PRikL�P^oeu¬LOWXteLOSjo_Y4P^ikL [TikJMÛKo_P^[ToeN-�

ðX�j��Y.P^LO[)PRikLÜSRLKLOWkS�i1]�deLü|}LOLONßST����HOJMLKNQP^bcf�teLO[TwvJcN1]mP^LKW-{ZSTLObMLKHKP<P^iXL
bM]_[RteLKSTPVSRLKLOWkSK�²±²]_[TLKY\�kbcbcf?ukbM]_HOL�P^ikLxSRLObcLOH`P^LOW>STLOLKWkSGoeNnPRikLxP^o_uZo_Y#P^iXL
[TikJMÛKo_P^[ToeN-{�]_NXW)P^�kHa´�P^ikLn[Ro�o_P^S5|}LKP�hVLOLKN�P^ikLZuXbC]_SgP^JMHvukJMLKHOLKSO�ß�¯oe[TL
PRi1]_NyoeNkL teLK[Rw�JMN1]mPRLOWySRLKLOW¯H�]_N¬|2L�uXbC]_HKLOW¬JMN¬]�[RikJcÛOo_PR[RoeN-�

� �lÏÕÎ�uIP^JMo_N1]_b.Ð � [R]_u/]?STPR[RJMu¬o_Y9|kbC]_Ha´>uXbC]_SgP^JMH tQ]m[R|1]_t_L�|k]_tn]m[Roe�kNXW¯P^iXL
[TikJMÛKo_P^[ToeN-� ��]m´_L�ST�k[RL¬P^i1]ÓP�PRikL¯PRoeu8LKWkteLKSno_YrP^ikL¬ukbC]mSTP^JcHyWkoÒNkomP
L°³IPRLONkW¯u1]_SgP�PRikL�P^oeuyLKWkteL o_Y9PRikL [RikJcÛOo_PR[RoeN­�

â�ãQå Í ç�äRQCÑKJZç­ç&å�LZâÓç
M?å Í Mvæ\å ÍRSUTWV á}ã�è
�1oe[�[Ro�o_P�te[TophGP^ivhjJ�P^i?o�³�fIt_LON-{�feoe�?hjJMbcbk|2LjukbM]_HOJcNkt�P^ikLj[TikJMÛKo_P^[ToeNvJcN�] PR�k|
o_Y�h²]ÓP^LO[�SRo>PRi1]mP P^ikL?SToebM�XPRJMoeN�wv]�f�|}L?]_LO[R]mP^LKW-�v®GiXJMS�[RLK�E�kJM[TLOS P^i1]mP�f_oe�
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i1]�deLvSR����HKJMLONQP~u1]_SRSR]_teLvo_Y²SToebM�XPRJMoeN�Y\[Toew�P^ikL�JMNXSRJMWXL�omY�P^iXLv[TikJMÛKo_P^[ToeN�PRo
P^iXL�o_�XP^STJMWkLm� ¤�¥�¦#§>¨4©�ªZ«Pª¬©T­

hji-k#lHm,nok�øYX@saÁ��SvÄÃo{}k#~ì��vwv-¿�m
��N�P^ikJcS�L`³Iu}LO[TJMw�LONQP�feoe�?HKoewvuk]_[RL�PRikLG|k[R]_NkHaikJcNkt�u1]mPTP^LO[TNkS�P^ik]mP�]_[RJcSRL�hjiXLON
]�uXbC]_NQP�JMS�te[RophjNqiQf�Wk[Toeu2o_NkJMHO]_bMb�fëÏ\hjJ�P^i�Y\LO[TPRJMbcJMÛOLK[�JMN<P^ikL¬h²]ÓP^LO[^Ð?PRo�P^iXL
HOo_[R[RLKSRu}oeNkWkJcNkt�u1]mPRPRLO[TNkS�hjiXLONÃPRikLyukbC]mNEP�JcS�te[RophjN<hjJcP^iXoe�XP?Y\LO[gP^JMbcJMÛKLO[5JcN
P^iXLZh²]mPRLO[K� � �k[RJcNkt�P^iXL¬L°³Iu2LK[RJMw�LONQP�f_oe��Pa]_´mL¬uXiko_P^o_te[^]_uXikS�o_Y�P^ikL>[ToIo_P
STf�SgP^LOw Y\oe[²w�L�]_ST�k[RLKwvLKNEPjomY4PRikLxY\[R]_HKP^]_b­WkJcwvLKNkSRJcoeN-�8��JMN1]_bcbcf_{�o_NkHOL ]~hVLOLK´
Y\oe[ ¶ 5XÝ~wvo_NEPRikSO{kf_oe�y[RLKHOoe[TW¬PRikL�JMwv]_teLro_Y"P^ikL [Ro�o_PGuk]mPRPRLO[RNXS²Y\oe[j]~Y\[^]_H`Pa]_b
WkJcwvLKNkSRJcoeN1]_b­]_N1]_b�fISTJMSGo_Y4feo_�k[j[Ro�o_PjSTf�STPRLOw¬�
� ikLON5f_oe��[RLKHOoe[TW5feoe�X[�oe|kSTLO[Tdm]mPRJMoeNXS�]mP9L�]_Hai�W1]ÓP^L_{mfeoe��STikoe�kbcW�JMNkHKbM�kWkL

JMN>f_oe�k[GPa]_|XbML_z
þ ó#LONXt_P^i�]_NkW¬N��Xw5|2LK[romY9deLK[TPRJMH�]mb4[ToIomPr|X[^]_NkHaiXLOS�Ï.P^ikJcSjJMNkHKbM�kWkLKSj|2o_PRiuk[TJMwv]_[Tfn]_NkW¬SRLKHOoeNXW1]_[Tfy[ToIomPGte[RophGPRi&Ð`�
þ ó#LONXt_P^i¯]_NkWyNE�kw5|}LO[jo_Y9bC]mPRLO[^]mb­[Ro�o_Pj|k[R]_NkHaikLKSO�
þ L��kw5|}LO[�]_NXWÊbMLKNkt_P^i�omY?[Ro�o_P/i1]mJM[RS¯oeNÔd_LO[TPRJMHO]_b5]_NXW�bC]mPRLO[^]mbl[ToIo_Pte[TophGP^i-�5Ïs®GikLKSRL�]_[TL~STwn]_bcb"]_NkW/WXJ���HO�kb�PrPRoZoe|kSTLO[gdeL_{­SRoZ�kSTL�]nwv]_tm�
NkJ�Y.f�JMNkt�tebM]_SRS²PRo�U1NkWyP^ikL i1]_Jc[RSK� Ð
Ñ�oe��te[To+h�[Ro�o_P^S�JcNÒ]�ø 
 �¸] � ÷Õø � ö1{#P�h�o¯u1]_[R]_bMbcLOb�STikLOL`P^S~omY²ukbM]_STPRJMH�LON��HKbMoeSTJMNktx]xN1]_[T[Roph�SRikLKLKP�o_Y1h�]mP^LK[�]_NkW�NE�XPR[RJcLONQP^SK�9®GikJcS9Y\oe[RHKLOS�[ToIomP^S�PRo
te[Toph�uk[TJMwv]_[RJcbcfyJcN/P�h�o¬WkJMw�LONXSRJMo_NkSO{-NXo_P�P^ik[TLOL?WkJcwvLKNkSRJcoeNkS�]_SBPRikLKf
hVoe�kbcW�N1]mPR�k[^]mbMbcf_� � JMSTHO�kSTSrh�]pf�SBPRi1]mP�P^ikJcSrw�JMteiQPx]mµ2LOHKP�P^iXL~[RLKSR�kb�P^SK�
� o>feo_��L°³Xu}LOH`P�JcP�hjJMbcb9JcNkHO[TL�]_STL�o_[�WkLOHK[RL�]mSRL?P^ikL�Y\[^]mHKPa]mb�WkJMw�LONXSRJMo_N
o_Y#PRikLB[TLOSR�XbcP^JcNkt5[ToIo_P�u1]mPTP^LO[TN&� � i1]ÓPGL`³Iu}LO[RJcwvLKNQPGHOoe�XbMWnf_oe�y�kSRLxPRo
uk[TopdIJcWkL�]_N1]_b�f�SRJMSGomY�PRikL�Y\�kbMb­ðÓ��WkJcwvLKNkSRJcoeN1]_b2N1]mPR�k[^]_b­[Ro�o_PjSTf�STPRLOwn�

¶ �r±�[TL�]mPRLrP�hVo�te[Roe�XukS�o_Y"[TikJMÛKo_P^[ToeNkSV]_NkWZSTLOLKWkbMJcNkteSO��ïVLxSR�X[RLxPRi1]mPV|2o_PRi
te[Toe�kukSjHKoeNkSRJcSTP�o_Y4P^ikL SR]_wvL�STu2LKHOJcLOS�o_Y9STLOLKWkbMJcNktk�
]X��¢�[Ro_�kuÙ� �y�kSRJcNktÜY\LO[gP^JMbcJMÛKLO[/]mNkW�Pa]_u�h�]mP^LK[/P^oÜU1bMb�P^ikL�[TikJ��
ÛKo_P^[ToeN"Ï\SaÐ`�

|­�@¢�[Ro_�ku�ï8��SR]_wvL�]_S²PRikL HOoeNQPR[Roeb#te[Toe�ku¬|k�XP�Nko�Y\LO[gP^JcbMJMÛKLO[K�
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J�SRL�Y\LO[TPRJMbcJMÛOLK[9hjJcPRi�P^ikL�wvJ ³�P^�k[TLxÝ · �gÝ · �gÝ · {ÓhjikJMHaivH�]_N�|}L�Y\oe�XNkW
JcN�]_NQf�bMo�H�]_bItQ]_[TWkLONkJcNkt�STPRoe[RLm�-�¯J ³ ¶ P^LO]_SRu}oIo_Nvo_Y}Wk[gf5Y\LO[gP^JcbMJMÛKLO[
JcN ¶ te]_bMbcoeN<ÏÕ]mukuk[Ro�³IJMwv]mPRLObcf¬Y\oe�k[�bcJcPRLO[RS^Ðro_Y�h²]ÓP^LO[�]_NXW�U1bcb9P^iXL
[TikJMÛKo_P^[ToeN-�

ÝI�(�¯LO]_SR�X[RL ]_NkW>[TLOHKoe[RWZPRikLB[Ro�o_PVSTf�STPRLOw |}LKY\o_[RLrf_oe�y|2LKteJMN�P^ikLxL`³Iu2LK[RJ �
w�LONQP��9��NkWkJMHO]mP^L�P^ikLr]_teLro_Y­PRikLxSTLOLKWkbMJcNktlf_oe�>]_[TLr�kSTJMNkt~]_NkWZw�L�]mSR�k[TL
PRikL�uk[RJcwn]m[TfÃ[Ro�o_P�{�SRLKHOoeNkWk]_[TfÜ[ToIomP�{r]_NkWë[Ro�o_P>i1]mJM[RSZ]_S>WkLOSTHO[TJM|}LOW
]_|}opdeLm�

ðX�r±²]_[TLKY\�kbcbcfnukbC]_HKL SRLOLKWkbMJcNkt�JMN>P^ikL�[RiXJMÛOomP^[Ro_N-�rÏs®GikL�SRLKLOWkbcJMNkteSr]_[TL�WXLOb��
JcH�]mPRL_{kSTov|}L H�]_[TLKY\�kb#NkomPGP^o?WkJMSgP^�k[T|¬PRikL [Ro�o_P^S²PRoIo?w5�XHai&Ð`�

� �j®4[Tf>PRo�U1NXW/]?[RLOt_�kbC]_[²PRJMw�L ]mP�bMLO]_STP�oeNkHKL~]�hVLOLO´>PRovwv]_´_L�oe|kSTLO[gd_]+�
PRJMoeNkSj]mNkW¯[TLOHKoe[RWkJcNkteS²hjJ�P^i>feoe�X[rbM]_|>u1]_[gP^NkLK[O�

ØI�j�òY�feo_��i1]�deL?]ZWkJcteJcP^]_b"H�]_w�LO[R]X{2P^]_´_L�]mN�JMwv]_teL�o_Y�feoe�k[x[Ro�o_PBSgfISgP^LKw
PRik[Roe�Xtei�PRikL?[RikJcÛOo_PR[RoeN�HOLKbMb�STJMw�JMbM]_[rPRo¬PRi1]mP�SRikophjN�JMN��9JMt_�k[RL�ØI� ¶e¶ �
�òY-f_oe�nik]pd_LB]�SRH�]mNkNkLO[K{IP^]_´_Lr]lukJcHKPR�k[RLjo_Y-PRikL�[Ro�o_P�STf�STPRLOw¬{X]_NXWnSRHO]_N
PRikL�ukiko_PRoete[R]_uki-��®GikJMSxSRikoe�XbMW�|2L~WkoeNkL�u}LO[TJMo�WkJMHO]_bMb�fe{&[Roe�Xteikbcf¯oeNkHKL
]?h�LKLO´&� ï�L~ST�k[RLlP^on[TLOHKoe[RW�[ToIo_PrWkJcwvLKNkSRJcoeNkS�JMN¯f_oe�k[rbC]_|¯Nko_P^LK|2o�oe´
]_NXW¯SR]pd_L~]mbMb2f_oe�k[jJMwv]_teLKSO�

��JMte�k[TL ØI� ¶e¶ z�®�f�ukJMHO]_b#[Ro�o_Pjte[To+hGPRi¯[TLOST�kbcPRSO�
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®X��Ó�LOLKu>]l[TLOHKoe[RWvo_Y-P^iXLxHOo_bMoe[�]_NkWvSRJcÛOL�o_Y-P^iXLxbMLO]�deLOS�]_NkWvSTP^LKw omY­feo_�k[
STLOLOWXbMJMNXtlopdeLK[VPRikJMS�u2LK[RJcoIW�o_Y­PRJMw�L_�"Ñ�oe�nwv]�f?]_bMSTolHKoeNkSTJMWkLK[�HaikLKHa´�JcNkt
PRikLru*�ëomY­feo_�k[VSToebM�IP^JMo_N�u}LO[TJMo�WkJMHO]_bMb�fe� � oe�kbMW�f_oe�nL°³Xu}LOH`P�PRikJMS�P^o�|}L
WkJ�µ­LK[RLKNEP�JcNyf_oe�k[�te[Ro_�kukSlÏs�	]_NkW¬ïGÐG]_NXW¬hVoe�kbcW¬f_oe��L°³Xu}LOH`PrPRikJMS²PRo
Hai1]mNkteL opdeLO[jP^JcwvL��

�úi¼¿�i7Ý�k#i-y���m*{1m
¶ �j��Y.P^LO[lWkJMt_JcP^JcÛOJcNkt>feoe�k[~JMwv]_teLOSK{��kSTLnP^ikL��"â+äS�_å�äS�g�yæ��Òã�è � æ\ç}èÜuk[Rom�te[R]_w PRo?wvLO]_SR�k[TL�P^ikL�Y\[^]mHKPa]mb-WkJMw�LONXSRJMo_N¬omY�f_oe�k[j[Ro�o_Pju1]mPTP^LK[RN-�
ÝI���1[Ro_w�feoe�k[�[RLOHKoe[RWXLOW>JMwv]_teLKSO{Eukbco_PVPRikLxbcLONktmP^inomY#P^ikLrbMoeNkt_LOSTPV[Ro�o_PVo_Y
PRikL�u1]mPTP^LO[TN � ��'�P^JcwvL~]_NkW�U1NkW�PRikL5[Ro�o_P�t_[RophGP^i/d_LObMo�HOJ�P�fe�l�9³XuXbC]_JcNPRikLnu}oeSRSTJM|kbcLv[TL�]_SToeNkS~Y\o_[�PRikLZSRik]_u2Lvo_Y²f_oe�k[5HK�k[Td_L_��±�oew�u1]_[TLn]mNEf
STJMw�JMbC]m[RJcPRJMLKS�o_[GWkJcµ2LO[TLONkHKLOSjfeoe�¬oe|kSTLO[Td_L~|}LKP�hVLOLKN�te[Toe�kukSj�	]_NkW¯ïx�

ðX���1[Ro_w f_oe�k[GNko_PRLO|}oIo_´voe|XSRLO[gdm]mP^JcoeNkSO{XJMNQdeLKSTP^JctQ]mPRLxY\�k[TPRikLO[²PRikL�te[To+hGPRi
d_LObMo�HOJ�P�f¬o_Y�|}o_P^i/t_[Roe�kuXSO�HÒ�bMomPrPRikL~bcLONkt_PRi/o_Y�PRikL~d_LO[TPRJMHO]_b�[ToIomP^Srd�SK�
PRJMw�L�]_NkW P^ikL�NE�kw5|}LO["o_YXd_LO[gP^JMHO]_bE[Ro�o_P^S-d�SK�9P^JcwvL�o_N~SRLKu1]_[R]mP^L�te[^]mukikSO�
� oZPRikL�S^]_w�L5ukbco_PBY\oe[rP^ikL�bcLONkt_PRi�]_NkW�NE�kw5|}LO[�omYViXoe[RJcÛOoeNQPa]mb9[Ro�o_PRS
d�SO��PRJMw�L_�
��Y.P^LO[n]�HKoe�kukbcL�o_YBhVLOLK´ESZfeoe�qwv]�f<i1]�deL/STLKd_LO[^]mbB[Ro�o_Pv|k[^]_NXHaikJMNkt_S
PRo>HOoe�kNQPO�5�òP JMSBLO]_SRJcLO[BPRo>ukbMo_PxP^ikJcSBJMNXY\o_[Rwv]mP^JcoeN�J�Y�feoe��]�deLO[R]_teL�P^iXL
bcLONkt_PRikSxomY�P^ikL5[ToIomPB|k[R]_NkHaikJcNkteSB]mNkW�]�deLO[R]_teL~PRikL~PRo_Pa]_b4NE�kw5|}LO[TSBo_Y
[ToIo_P"|X[^]_NkHaiXJMNkteS"STLOu1]_[R]mP^LKbcfrY\oe[#P^ikL�deLK[TPRJMH�]mbQ]_NkW�ikoe[TJMÛOo_NEP^]_bete[TophGP^ikSK�
Ò�bMomPGP^ikLKSRL�]�deLO[R]_teLKSroeNyfeo_�k[jte[^]_uXi-�

� ��L�o+h�U1NkWÃPRikLyte[RophGPRiÃdeLKbMo�HOJ�P^JMLKS�o_YBiXoe[RJcÛOoeNQPa]mb�Ïsuk[TJMwv]_[Tf)]_NkW�SRLOH°�
oeNXW1]_[TfXÐ~[ToIo_PRSO�<�9³IukbC]mJMN)P^iXL¬STJMw�JMbM]_[RJ�P^JMLKS�]_NkW<WkJcµ2LO[TLONkHKLOS?feoe��oe|I�
STLO[Td_Llo_[r]mNEfZo_P^ikLK[joe|kSRLK[Tdm]mPRJMoeNkSGPRi1]mPGfeo_��]_NQPRJMHOJcu1]mPRLOWyoe[²P^ik]mP�SR�k[É�
uk[TJMSTLOWyfeoe�-�

ØI� � i1]ÓPvHO]_N<feoe�ÃS^]�f�]_|}oe�XP?[Ro�o_P?u1]ÓPRP^LK[RNkSv]_NkW�NE�XP^[TJMLKNEP�SToebM�XPRJMoeNXSa�
� i1]ÓPnWkJ�µ­LK[RLKNkHOLKSnWkJcW�f_oe�8U1NkWÃJMNÃ[Ro�o_P�te[RophGP^iÃ|2L`P�h�LKLONqPRikL¬P�hVo
WkJ�µ­LK[RLKNEP�NE�XPR[RJMLKNQPrSToebM�IP^JMo_NkSa�

®X�j��NE�kw5|}LO[�o_Yx[RLKSRL�]m[RHaikLK[RSnik]pd_L>hj[RJcPTP^LKNÃHKoewvuX�XP^LK[�uk[Roet_[^]_w�S5P^i1]ÓP
STJMw5�kbM]mP^L [ToIo_P�te[TophGP^i/�kNXWkLO[rHOoeNkWXJcP^JcoeNkS�SRJcwvJcbC]_[�PRovPRikoeSRL�feoe��ik]pd_L
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�kSTLOW-���rophÍh�o_�kbMW�feoe���kSRLv[^]_NXWkoew�h�]_bM´mLO[TSlP^o¬HO[TL�]mPRLn]¬wvo�WkLKb�o_Y
[ToIo_Pjt_[RophGP^i&�
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®GikJcNk´�o_Y­f_oe�k[�ophjNndm]_[RJM]_NQP^S�oeN?P^ikLrL`³Iu2LK[RJcwvLKNEPRSVomY­P^iXJMS�Hai1]_uXPRLO[K�-�&o_bMbMoph²�
JMNXtv]m[RL ]5Y\LKh�JcWkL�]mS²P^o?teLKPjf_oe�k[jwvJcNkW>teoeJcNktk�

½¾i8�)¿*xÀ�d{1i-y ÿ vEy1vckH{|xÀm
a ]_[gf¬PRikLl]_tQ]_[�HOoeNXHOLONQPR[^]mPRJMoeN¯o_Y�P^iXL~teLKbÖ�G®4[Tf ¶ Ø�t Ê bVÏÕ]vik]_[RWkLK[xteLKb.Ð°{2]mNkW
;¬t Ê brÏÕ]¯STo_Y.P^LK[lt_LOb.Ð°� � i1]mPlLKµ2LOH`P~hVoe�kbMW�feoe�Òuk[RLKWkJMH`P~teLKbVHKoeNkHKLONQP^[R]mP^JcoeN
hjJMbcbEi1]�deLGoeN5PRikL²HOo_bMoeNQf�u1]mPTP^LO[TN&�¬��S�feoe�k[9[RL�]mSRoeNkJcNkt�]mµ2LOH`P^LKW�|Qfl�E�kLOSgP^JMo_NkS
o_Y�NE�XP^[TJMLONQP�WkJ�µ­�kSTJMoeN>o_[�|k]_HKPRLO[RJM]_b-w�oe|kJcbMJcP�fX�

��]_´mLZ]¯uXiko_P^o¯WkJMSTukbC]�f�STikophjJMNkt¯HOoebcoeNQf�SRi1]mu2LKS5]_S P^ikL`f�Hai1]_NkteL?hjJcPRi
teLKb"]_NkWyNE�XP^[TJMLONQP�HOo_NkHOLKNEPR[^]mPRJMoeNXSO�

.KxÀ�107{2¿�x ÿ vcy|vckH{1xzm
¶ �(��]m´_L�]nw�J�³�PR�k[RLlo_Y�S^]_NXW/hjJcP^i¯S^]�hjWk�kSgPvÏsSR]pf ¶p·$ñ S^]�hjWk�XSTP |Qf¯d_oeb��
�kw�LpÐ"]_NkW~�kSRL�P^ikJcS4PRoxU1bMbQPRikL�HKLObMb2Ï\S^]�hjWk�kSgP�JMS"Y\oIo�WlY\o_[4PRLO[Rw�JcPRLOS^Ð`� � o
PRikL~P^LK[Rw�JcPRLOSxY\oe[Tw�]ZWXJcµ2LO[RLKNQP�u1]mPTP^LO[TN/hjikLON�PRikLKf�i1]�deL?SRoew�LKPRikJMNXt
PRo�LO]mP°�

ÝI��Ò��XP�]5ukJcLOHKL�o_Y9Wk]_wvu>uk]_u2LK[GSRoew�LKhjiXLO[RL JcNZP^ikL�HKLObMbÕ��FILKLBhji1]mPji1]_u��
u}LONkSjJ�Y�PRikL�P^LO[TwvJ�P^LKSGbMo�H�]mPRLxP^ikJcS²Y\oIo�W-�

ðX��Ò��XP�]�PRikJMN-{�W1]mwvu�ukJcLOHKL>o_YjU1bcPRLO[5oe[5PRJMSTSR�kL>u1]mu2LK[�oeN)P^ikL>|}o_PTP^oew
ukbM]mP^L�omYlPRikL�HOLKbMbÖ{r]_NkWüHOopd_LO[¬JcPZhjJ�P^iëS^]_NXW-� � oILKSZP^ikJcSy]_bcPRLO[ZP^iXL
Y\oe[R]_teJcNkt�u1]mPTP^LO[TN&�

��vwv-¿�Á��SvÄÃ¾¿S�
¶ � a ]_[gf�PRikLZHKoeNkHOLKNQP^[^]ÓP^JMo_N)o_YjP^ikLnN��IP^[RJcLONQP�SToebM�XPRJMoeN�|Qf�PR[Tf�JMNkt�SRLO[TJC]_b
WkJcbM�XPRJMoeNXSO{�®�]_´_L>f_oe�k[�STPRoIHa´ÒSRoebc�XP^JcoeN�]_NkW<WkJcbM�XPRLZJcP ¶ËÊ ÝI{ ¶ËÊ4� { ¶ËÊ=º {
L`P^H_�cb,b,b4ï²]mSRLOWÒoeN�PRikLn[TLOSRLO]_[RHai)f_oe�)i1]�d_LnWkoeNXL_{�hjik]mP5L`µ­LKHKP~hVoe�kbcW
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� Ø
f_oe�8uk[TLOWkJcHKP�P^ikL¬NE�XP^[TJMLKNEPvHOo_NkHOLKNEPR[^]mPRJMoeN�h�o_�kbMWÃi1]�deL�o_NÃP^iXL¯[ToIo_P
u1]ÓPRP^LK[RNkS^�/�9³XuXbC]_JcNyf_oe�k[j[RLO]_SRo_NkJMNktX�

ÝI� � oe�kbcWlfeo_�5L`³Iu}LOHKP�]_LO[R]mP^JcNkt�PRikL�[TikJMÛKo_P^[ToeN>Ï\|k�k|k|XbMJMNXt�h�]mP^LK[�PRik[Roe�Xtei
J�P°ÐrP^o¯]_b�P^LO[BPRikL�u1]mPRPRLO[TN�f_oe�Òoe|XSRLO[gdeLKW)JMN�P^ikL?SgPa]_teNk]_NQP~[TikJMÛKo_P^[ToeN&�
� o�LOS?P^ikJcSvik]pd_L�]_NQfEP^ikJcNktÒPRoÒWko�hjJcP^i8N��IP^[RJcLONQPvWkJcµ2�kSRJcoeN&� �òYBf_oe�
i1]�d_L�PRikL?wn]mPRLO[TJC]_bcSO{2Y\o_bMbMophÙP^iXL�[TikJMÛKo_P^[ToeN�SRL`PT���Xu�WkJcSRHK�kSRSTLOW)oeN�oe�X[
� LO|�SRJ�P^L?]_NkW�oeN�P^iXL?]_HOHKoewvuk]_NQfIJcNkt¯± � � � Î¶��{-]_NkW�oe|kSRLK[Td_Lv[ToIo_P
te[TophGP^i¬�kNkWkLK[r]mLO[^]ÓP^LOW¬HOo_NkWkJcPRJMoeNXSO�

ðX�rFIu}LOHK�kbC]ÓP^L�ikoph WkJcµ2LO[TLONQP¬h²]�deLKbMLKNkt_P^iXS/o_Y5bcJMteiQPyw�JMteiQP¯]mµ2LOH`P�[ToIo_P
te[TophGP^i&�ã��o+h¨HOo_�kbMW>P^iXJMSGH�]m�kSRL�Hai1]_Nkt_LOSjJMN>P^iXL�ukbC]_NQP�ôñSj[RLKSRu}oeNkSTL PRo
NE�XPR[RJMLKNQP^Sa�

� � � oe�kbcW�feo_��L`³Iu2LKHKP�]_NQf�WkJcµ2LO[TLONkHKLOS5JcNÒ[ToIo_P~te[RophGPRi)JcY²f_oe�)U1bcbMLOWÒ]
[TikJMÛKo_P^[ToeN>hjJcP^iySR]_NkW¬oe[GSRoeJcb-oe[²d_LO[Rw�JMHK�kbMJ�P^L��
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